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PHYSIOLOGICAL CHEMISTRY. 


CHYLE. 

The chyle presents various physical properties which differ with the 
condition of the animal (as for instance, whether it is fasting or has 
been lately fed), the part of the chyliferous system from whence it has 
been procured, and'^he nature of the food that has been taken. It com- 
monly forms a milky, opalescent, yellowish-white or pale reddish fluid 
with a faint animal odor, a somewhat saline and mawkish taste, and a 
very fiint alkaline reaction. Like the blood, it coagulates in nine or 
ten minutes after its removal from the chyliferous system ; the«C0!jgulum, 
which contracts in from two to four hours, is much smaller than that of 
the blood, and is very soft, friable, and sometimes merely gelat^ous. 
When exposed to the air, it generally assumes a somewhat light-red < 
color, if it had previously been yellow. This is especially observable in 
the chyle of horses. The serum of tjic chyle, although clearer than 
fresh cliylc, still in gentsral retains some degree of turbidity ; when 
merely diluted Avith water, it seldom becomes more turbid, but when 
boiled, it becomes of a milky-white color, and commonly deposits a few 
minute clots. Acetic acid often induces turbidity (Nasse) on ovapo- 
rafing the fluid filtered from the alhuminous*“coagulum, the surface 
appears covered Avith a oolorkigd transparent membrane (afbuminate of 
soda). The chyle-scrum does not coagulate when treated with ether, 
but is rendered clearer. A dirty yelloAvish-white, crejm-like sfratum is 
formed between the ether and the chyle-serum. 

According to Ticdemann and Gmelin, as well as according to Nasse, 
the chyle is almost colorless and transparent in birds, amphibia, and 
fishes ; while, according to J. MUller, Gurlt, Simon, Nasse, and my own 
observations, it is of a deeper red color in horses than in any other ani-' 
mals which have hitherto been examined with*refercnco to this subject. 
Nasse found the chyle of cats of a perfectly milky-whiteness. During 
digestion the chyle is in general extremely turbid ; at other seasons it 
forms a fiiintly opalescent fluid, which only exhibits a reddish coloi»in 
the thoracic duct. 

The chyle that has been collected during digestion is very rich in 
morphological elements, since it exhibits, as a highly plastic- fluid, the 

> Handworterbucli rii 3 ’siologie. Bd. 1, S. 236. 
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liLjst varied stages of cell-formation. Hence a great variety of mole- 
cules have been distinguished in it, and the products of diflFerent stages 
of development have received the name of chyle-corpuscles (J. MUller,’ 
Schultz,* 11. Wagner,* Henle,^ Nasse,* Arnold,® Kolliker,^ Ilerbst,® H. 
Miiller).® 

As a more detailed description of these molecules falls rather within 
the province of histology than of chemistry, we refer our readers to the 
works of the above-mentioned observers, limiting ourselves here to a 
notice of the most important points in reference to the microscopical 
investigation of the molecules of the chyle. In the first place, chyle which 
has been taken from the minutest lacteals during digestion, exhibits ex- 
tremely minute granules, which cover the field of view like a thin veil. 
These granules, which have been especially examined by H. Muller, and 
recognized to be fat-granules surrounded by a protcin-liko capsule, re- 
main unaltered on the addition of w'ater, but flow togetlxer and form 
the ordinary fat-globules when the chyle is treated with acetic acid or 
dilute caustic potash. A similar result is observed when the chyle is 
suffered to dry and the residue is again dissolved in water. Most ob- 
servers agree in the opinion that no true fat-glob ules^arc generally con- 
tained in the fresh chyle of animals, although they have frequently been 
found in human chyle ; this may, however, be owing to the circumstance 
that the chyle which is usually taken from the body some time after 
death, may already be partially decomposed, and may therefore be acted 
upon by putrefaction, somewhat in the same manner as by the potash. 

In addition to these fine molecular granules, the chyle, more especially 
at tho origins of the vessels, contains also coarser granules which are 
■grouped into masses and appear to be held together by means of a 
hyaline substance (H. Mlilier), and distinct, sharply-defined nuclei with 
nucleoli, which are in some cascs<covered with individual granules (Kdl- 
liker). 

It has generally been assumed that there are special chyle-corpuscles 
which are the distinguishing constituents of the chyle ; but these bodies 
do not actually differ from the lymph-corpuscles or the colorless bloqd- 
corpuscles, hfdiig distinguished from the latter only in this, that they 
represent different stages of the development of these cells. Thtiy pre- 
sent considerable variety of size and form, exhibiting in some cases a 
distinct, and in others an indistinct nucleus, and sometimes even a cleft 
nucleus which frequently remains indistinct until it is treated with water, 
and hence these corpuscles appear in the chyle itself like mere faintly 
translucent vesicles. It is worthy of notice that many of these bodies 
have frequently a magnitude of l-200th of a line in the lacteals of 
moderate calibre, whilst the size of those in the chyle of the thoracic 
duct seldom exceeds l-250th or l-350th of a line. 

' Handb. d. Phys. Bd. 1, S. 235 [or English Translation, 2d Ed., vol. i. p. 281]. 

• System der Circulation. Stuttg. 1886, S. 46. 

» Beitr. z. vergl. Physiol. Bd. 2, S. 66. « Allg. Anat. S. 421-471. 

® Handworterb. dor Physiol. Bd. 1, S. 226. ® Anatomie, S. 260. 

’’ Entwicklongsgeschichte der Cephalopoden. Zurich, 1844, S. 50, and Zeitschr. f. 
rat. Med. Bd. 4, 8. 142-147. 

« Lymphgefasssyst. u. seine Verrichtungen. Getting. 1844, S. 003 . 

® Zeitschr. f. rat. Med. Bd. 3, 8. 239. 
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We have already noticed their chemical relations in speaking of tht; 
colorless blood-corpuscles, and T^e purpose again reverting to the subject 
under the head of pus-corpuscles. 

If the search be conducted with care, colored hlood-corpuscles may 
always be found in the chyle of the thoracic duct, although they are not 
present in large quantities. 

In order to obtain the largest possible quantity of fresh chyle, the 
animal should be killed from two to five hours after feeding, either by 
strangulation or pithing, the thoracic cavity opened, and the thoracic 
duct tied immediately before its entrance into the subclavian vein. After 
a short time the duct will be fillcd»with chyle, and will appear distended 
or as if it were injected. It must then be carefully dissected into the 
abdominal cavity as far as the receptaculum, and the contents discharged 
with care (in order to avoid all admixture of blood), either by means of 
a fine trochar or by simple incision. A greater quantity of chyle may 
be obtained by laying open the thoracic portion of the duct and suffer- 
ing the chyle to* flow from the incision; but the precipitous flow of chyle 
in the freshly-killed animal may possibly give rise to a more abundant 
flow of lymph and aqueous fluid, so that the chyle may not possess a 
perfectly normal character. 

In reference to the chemical constituents of the chyle, we may ob- 
serve that they entirely correspond with those of the blood ; and hitherto 
only very slight, or even wliolly unimportant differences have been 
observed to exist between the plasma of the blood and the chyle.* This 
admits of a ready explanation, for an accurate chemical analysis is only 
practicable in the case of the cliylc of the thoracic duct, which notfonly 
resembles the blood far more closely than does the chyle of the smaller 
vessels, but which has even taken up blood that is already colored, to- 
gether with blood-corpuscles, from the lymphatics of the spleen. 

Next to the undissolvod molecules of the chyle, whose chemical con- 
stitution lies even further beyond the range of our inquiries than that of 
perfect blood-cells, the fibrin has the principal claim on our attention. 
It differs from that of tlie blood in generally exhibiting a less considera- 
ble contractility, aiid the son\^hat gelatinous consistenee to which 
pathological anatomists have a|(plied the term “ fibrin infiltrated with 
serum.” Like the fibrin in many morbid exudations, it is occg^sionally 
redissolved some hours after its coagulation, especially when the sur- 
rounding temperature exceeds the usual mean. It does not often exhibit 
the fibrous texture of solidly coagulated blood-fibrin under the micro- 
scope, but dissolves very readily in diluted alkalies and organic acids, 
and, after being digested for a short time, in a solution of nitre or even 
of hydrocblorate of ammonia. It may be completely precipitated from 
the acetic-acid solution by hydrochlorate of ammonia, and again almost 
perfectly separated from this solution by acetic acid. I found only 
l‘77g of strongly alkaline ash in chyle-fibrin which had been duly de- 
prived of its fat, well washed, and dried. Like the fibrin of the blood, 
the chyle-fibrin always contains some of the above-named morphological 
constituents of the chyle, and is therefore oven richer in fat than the 
blood-fibrin, but it very seldom happens that the fibrin of the chyle 
encloses in its coagulation all the elements which were suspended in the 
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intercellular fluid ; and on this account the serum of the chyle is in 
general clearer than the original chyle, although it always retains some 
degree of turbidity, or at all events of opalescence. 

In the serum of the chyle albumen is also the preponderating solid 
constituent. This albumen has been regarded as imperfectly developed 
(Prout), ovring to the circumstance that it coagulates on being heated, 
and is at the same time precipitated to a certain degree by acetic acid. 
Independently of the illogical character of the argument which can 
assume the existence of a chemically imperfect substance, — and we might 
just as rationally assume that malaria is a more perfect carburetted 
hydrogen than olefiant gas, or the rewersc, — every one who has read the 
observations in page 296 of vol. i. must at once conclude that the only 
difference presented by the albumen arises from its being combined with 
more alkali in the chyle than in normal blood ; and this, moreover, is 
confirmed by direct investigation, at least in the chyle of the thoracic 
duct of horses. The chyle-serum is not rendered turbid by strong dilu- 
tion with water ; when boihsd, it does not so much form coherent flakes 
as a milk-white, opaque fluid ; and it becomes covered on evaporation by a 
colorless membrane. The acjueous extract of the residue of the chyle 
exhibits a strongly alkaline reaction, and the solution may be rendered 
turbid by neutralizing it with acetic acid. After this turbidity has been 
removed by a more copious addition of acetic acid, fcrrocyanidc of potas- 
sium gives;, rise to a consider.able precipitate. The a(£ueous extract of 
the residue of the chyle presents great turbidity on being boiled with 
hydrochlorato of ammonia, as well as on the addition of nitric acid. The 
.albumen, after being thoroughly washed with water, alcohol, and ether, 
was found to yield on incineration 2-068^ of mineral constituents, in- 
cluding a considerable amount of alkaline salts, which effervesced on the 
addition of acids. The supposcd'presencc of casein in the chyle, instead 
of being proved, seems therefore to be rendered very improbable. 

It would be an important point if we could show that the peptones of 
the albuminous substances in the food arc present in the chyle, but from 
our ignorance of the neesssary reagents, this question cannot at present 
be decided l>y direct investigation. the chyle contains from 2‘f) to 
S’Og of non-coagulable substances whiefe arc only soluble in water, and 
consists ef a large proportion of albuminate of soda and mineral salts, it 
is at all events iifiprobablc, to say the least, that peptones should be 
present in the chyle discharged from the thoracic duct of the horse ; and 
hence the question, whether the peptones arc elaborated in the mesen- 
teric glands into albumen and fibrin, still continues wholly undecided. 

Our microscopical and microscopico-clieraical investigations prove that 
fat is contained in large quantity in the chyle, and even show with some 
degree of probability that the chyle contains a considerable quantity of 
non-saponified fat in the smaller lacteals, whilst in the thoracic duct the 
pr<^ortion of saponified fat preponderates. I was unable by any method 
to obtain a crystallizablo fat from the saponified or non-saponifiod fats 
of the chyle of the horse ; and other observers have stated that they 
could only discover a greasy and tallow-like fat, although they may not 
always have attempted to detect the fat-crystals by the aid of the micro- 
scope. 
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Some authors profess to have found sugar in the chyle ; others couhl 
not discover this substance. Trommer' believes he has detected its pre- 
sence in the chyle of horses by means of his own sugar-test, but it is 
well known that many causes concur in destroying the practical value of 
this test. Thus, for instance, the chyle contains albuminate of soda, 
which passes into the alcoholic extract, and exerts a disturbing influence 
on the reaction ; this substance may yield the most beautiful blue solu- 
tion with sulphate of copper and potash, and at all events, after pro- 
longed boiling, may give a yellowish red precipitate without the chyle 
containing a trace of sugar. The substance which is formed is the 
albuminate of the oxide of coppei:, investigated by Lassaigne, which on 
prolonged boiling with potash likewise precipitates suboxide of copper. 
I have never been able to detect any sugar in the chyle of horses fed on 
bran, but the presence of this substance could bo determined with cer- 
tainty in the case of horses which I had fed for a considerable period on 
starch or highly amylaceous food, by applying tho method indicated in 
p. 251, vol. i., and with due attention to all the precautions specified, and 
also by the fermentation-test. It would appear, therefore, as if sugar 
only passed into the chyle in appreciable quantities w'here there was an 
excess of it in the intestine. 

Biliary constitumts cannot be detected in the chyle by any method 
hitherto attempted. (Sec pp. 407 .and 483 of the first volume.) 

I have determined with certainty the presence ef alkaline lactates in 
the chyle, at least after feeding animals with amylaceous ftock (See 
p. 95 of the first A'olume.) 

The chyle is very rich in alkalies, which are combined partly with 
albumen, partly with lactic acid, and partly with fatty acids ; hence tlie* 
aqueous solution of the .ash exerts a strongly alkaline reaction, and 
effervesces with acids. 

Alkaline sulphates do*not exist preformed in the chyle, but occur in 
its ash. Thus, for instance, if the aqueous extract of the solid residue 
of the chyle, after being treated with alcohol and ether, be carefully 
neutralized with acetic acid, evaporated, and a^ain dissolved in water, 
filtered, and finally T:rcated w'ith .a salt of baryta after being previously 
acidified by nitric acid, there 4*^11 not be the faintest trace of turbidity 
nor any subsequent deposition of the slightest sediment. 

We find no trace of sulphocyanide.s, which might pcjssibly have passed 
into the chyle with the saliva conveyed to the intestine ; at all events 
the salts of peroxide of iron do not impart any perceptible redness to the 
alcoholic extract of tho chyle. 

The alkaline phosphates occur only in very small quantities even in 
the ash of the chyle produced from vcgctablq food. 

The chlorides of sodium and potassium arc present in the chyle in 
barge cpiantities. Salts of ammonia, and especially the hydrochlor.ate, 
have also been supposed to occur in the chyle ; we would here simply 
refer to p. 494, vol. i., where the reasons are given which have led to4he 
adoption of this erroneous view. The efilorescent appearance of the 
chlorides of sodium and potassium, as seen under the microscope on 
examining the evaporated spirituous extract, has led to their being 
' Ann. d. Ch. u. Pbarm. Bd. 89, S. 860. 



22 


CHYLE. 


itiistaken for hjdrochlorate of ammonia ; but if such appearances were 
due to the latter substance, there would be no crystals of phosphate of 
soda, but simply the very easily recognizable crystals of phosphate of 
ammonia and soda. Moreover, bichloride of platinum precipitates the 
potassium-compound, but not the ammonium-compound, from the spiri- 
tuous solution. We have, further, explained in p. 148, that the oceur- 
ronce of the octohedral and tetrahedral forms in which the chloride of 
sodium is so frequently observed under the microscope in evaporated 
animal fluids, and frequently also in the chyle, is no evidence of the 
presence of urea. 

It is very diflicult to determine whether or not the serum of the chyle 
is free from iron, like that of the blood ; Keuss and Emmert,^ Vauque- 
lin,® Rees,® and Simon, believe that they have ascertained the presence 
of iron in the serum of the chyle, and they regard it as more loosely 
, combined than in the blood, that is to say, they suppose that it is united 
with phosphoric acid or other substances which do not impede the ordi- 
nary reactions of the salts of iron. We do not, however, consider our- 
selves justified in»concluding from our own observations, or from those 
of the above-named chemists, that the serum of the chyle contains iron, 
because, as it can never be obtained perfectly free from colored, or at all 
events, colorless cells, the iron that is found may very probably belong 
to these colls. No one, indeed, would maintain that there is an entire 
absence of iron in the serum of the chyle, any more than in that of the 
blood ;ifoi’ the iron must necessarily pass from the plasma of the chyle 
into the cells, returning in the blood to the intercellular fluid from the 
cqlls^which arc undergoing the process of destruction ; but the iron does 
not appear to constitute an integral constituent of either fluid. 

Little remains to be noticed in reference to the method of anah/sis to 
be pursued in the quantitative inA'cstigation of the chyle, after the re- 
marks we have already made in treating of the analysis of the blood 
and of the animal juices generally. It will be obvious from the proper- 
ties of its constituents which have been already noticed, that the quanti- 
tative determination of^the cells, of the fibrin, and of the albumen in 
the chyle, must be very uncertain, for we do not possess any means by 
which we can retain the chyle-corpusclc^uul other molecules on the filter, 
or which will enable us to compute their weight. These bodies arc dis- 
tributed, togethe* with the other molecules suspended in the chyle, 
through the fibrin and albumen : and as the fibrin of the chyle in gene- 
ral coagulates very imperfectly, the lymph-corpuscles are less completely 
enclosed than in the fibrin of the blood, and the molecules which remain 
suspended in the chyle are therefore enclosed by the coagulated albumen. 
The sinking capacity of tl^o chyle-corpuscles is so inconsiderable, that 
the coagulated albumen often reddens when exposed to the air, in conse- 
quence of the inclosed pigment-containing cells, in the same manner as 
the fibrin of the chyle. We can, therefore, only arrive at a moderately 
apjSroximate determination when, as in the case of the blood, wo ab- 
stract from the solid residue of the chyle-clot the fibrin determined by 
whipping. Hence, that which is supposed in ordinary analyses to be 

« Reil’s Arch. Bd. 8, S. 147-218. 

* Ann. da Museum niition. d’hist. nat. T. 18, p. 240. 

* London Medical Gazette, Jan. 1841. 
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fibrin, is very often scarcely half composed of this substance, in realify 
consisting, in addition to these molecules, of a very largo quantity of fat 
•which has been inadvertently suffered to remain, as is frequently the case 
in analyses of the blood. The precautionary rules which we have already 
laid down for the determination of albumen, apply to the investigation of 
chyle, more, perhaps, than to that of any other animal fluid. All the di- 
rections indicated, for the determination of the fat in the blood, refer 
with equal force to the chyle. The ordinary rules hold good for the 
determination of the individual extracts and the various mineral consti- 
tuents. The older analyses, however, to which we might look for assist- 
ance, are scarcely able to yield us any purely physiological results, in 
consequence of their having been prosecuted without the benefit of those 
aids to analysis which we possess in the present day. The following 
observations give the results of the quantitative investigations of other 
observers, in addition to my own. 

The quantity of water in the chyle of horses fluctuates, according to 
the investigations of different inquirers, between 91 and 963 » this chyle 
contains, therefore, as a minimum 4, and as a maximum 9^ of solid con- 
stituents. Nasse found OO'ST?, of water in the chyle of a cat. 

The number of eellsy cell-nuclei, and other molecules contained in the 
chyle must vary with the nature of the food that has been taken, but 
these relations, as we have already observed, do not at present admit of 
being determined. Except during the period of digestion, the chyle 
contains few cells and in almost all respects resembles the lyfnph. 

The quantity of fibrin in human chyle has not been dctei’mined ; but 
attempts have fre([uently been made to ascertain the amount of this sub- 
stance in different animals, and especially in horses, although this has* 
seldom been accomplished without an admixture of corpuscles and fat. 
In the chyle of the horse Tiedemann and Gmelin’ found from 0*19 to 
0‘7g, and Simon, ^ from 0-O9 to 0'443 ; I found a coagulum which was 
very rich in cells amount to 0 '4 96 3, while the fibrin, as free from cells 
as possible, determined from the same chyle, amounted to 0‘301g. 
Tiedemann .and Gmelin found from 0*17 to in the dog, and from 

0-24 to 0'828 in the sheep; I^eps found 0-373 *1^0 assy and Nasse, 

0-133 the cat. 

Tiedemann and Gmelin found from 1-93 to 4-343 of alhunyin in the 
chyle of horses, and I found 3-4643 as the mean of wvcral analyses in 
the chyle of horses fed upon bran, and 3*0643 in that of horses fed on 
starch. * 

Tiedemann and Gmelin found l*64g of fat in the chyle of horses, 
Simon from 1-001 to 3*4803, while I found from 0*563 to 1*8913 '■> Hoes 
found 3-6OI3 the chyle of the ass, and Nagse 3-27 3 in that of the cat. 

Simon found from 8*874 to 9*8923 of extractive matters free from 
salts in the solid residue of the chyle of horses, while I found 7*2733 in 
that of horses, when fed upon bran, and 8-3458 when fed upon starch. 

The chyle of horses contained, according to Simon, from 6*7 to 7*83 
of soluble salts (determined from the ash), while according to my own 
researches, it yielded 7*453 when the animals were fed upon bran, and 

* Verdaunng nach Versuclien. Bd. 2, S. 76. 

* Med. Clicm. Bd. 2, 8. 241-244 [or EngUeh translation, vol. i. pp. 854-369]. 
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6'784|} -when they were fed upon starch. The chyle of the cat contained, 
according to Nasse, 9'4g of soluble salts, of which 7*1 was chloride of# 
sodium. 

The chyle contains about 2-g of insoluble salti. The mineral consti- 
tuents of the solid residue of the chyle amount, therefore, on an average 
to 12g, of which from 9 to lOg are soluble salts. 

Numerous observations have been made on the 'influence which the 
nature of the food exercises on the constitution of the chyle, but these 
results, or rather the conclusions deducible from them differ considerably. 
This much, however, seems certain, that the chyle is somewhat poorer in 
solid constituents after prolonged fasting or where the food has been 
scanty, and that it then contains a much smaller quantity of fat, so as 
to appear only slightly turbid, but not milky. It has been generally 
maintained, that the chyle becomes richer in fat after animal food, but 
this is only the case where the nutriment has consisted of flesh, bones, 
milk, or other fatty kinds of animal substanees ; for Tiedemaun and 
Gmelin found that the chyle of dogs was rendered only faintly turbid, 
when these animals were fed on albumen, fibrin, casein, and gelatin. 
All observers agree in the opinion that the chyle becomes milky and very 
rich in fat when the food has been of a fatty kind. According to my 
observations, non-nitrogenous substances do not produce any decided aug- 
mentation of fat in the dliyle. No definite conclusions can be drawn 
from the inquiries and opinions of observers in reference to the influence 
exerted b^ the nature of the food on the quantity of albumen and fibrin 
in the chyle, for these substances owe their origin partly to transudation 
frpm«<tho blood in the mesenteric glands, and partly to the lymphatics of 
' the spleen, while moreover the chyle of the thoracic duct is the only kind 
which has been accurately examined <.with a view of ascertaining its 
quantitative relations. 

Nor can wo attach any great weight to Milldn’s’ elementary analyses 
of the chyle and blood of dogs which had been fed on different kinds of 
food ; at all events we cannot concur with that observer, when he be- 
lieves himself justified i^ concluding that the special purpose of the lac- 
teals is not the absorption of fats ouly,^but also of other nutrient sub- 
stances in an equal degree. 

The chyle undergoes many alterations during its passage from the 
lacteals of the intestines through the mesenteric glands to the thoracic 
duct. Wo have already spoken of the diversity existing in the morpho- 
logical elements in the different parts of the chyliferous system, in re- 
ference to the fibrin which, according to Tiedemann and Gmelin, occurs 
in the smaller lacteals either in very small quantities, or is entirely ab- 
sent ; we only know that,, its quantity appears gradually to augment 
during the passage of the chyle through the glands. A similar obser- 
vation applies to the albumen, which, according to the same observers, 
is conveyed in large quantities to the chyle in the glands, so that this 
fluih appears to increase in density in proportion as it approximates to 
the receptaculum chyli. Fat is the only substance which seems to be 
gradually diminished during the passage of the chyle to the blood, and 
this may be owing to its participation in the formation of cells, that is 

' Compt. rend. T. 29, p. 817-819. 
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to say, of the chyle-corpuscles, which are very rich in fat, and partly fo 
f its transition into a state of saponification, as we may judge from the 
quantity of the alkaline salts of the fatty acids present in the chyle of 
the thoracic duct. 

No direct observations have as yet been made concerning the patho- 
logical relations of Ae chyle. 

We cannot regard the question of the quantity of chyle which enters 
the blood in a given time, as satisfactorily settled. Cruikshank^ assumes 
the quantity of chyle which is hourly mixed with the blood to be 4 
pounds. His calculation rests upon an observation of the rapidity of 
the motion of the chyle in the mesentery of a dog, which he found to be 
four inches in a second, and hence he assumed a similar rate of velocity 
in the thoracic duct. But independently of the untenability of the 
latter position, the rapidity of the motion of the chyle in the lymphatics 
of the mesentery depends upon many dlflerent relations, which, from 
their variable character, can scarcely be adequately appreciated in ob- 
servations made during vivisection. Magendie, who endeavored to de- 
termine the quantity of the chyle by opening the cervical portion of the 
thoracic duct of well-fed dogs, and observing the quantity which flowed 
in a given time, found that half an ounce escaped in five minutes, which 
vras at the rate of six ounces in the hour. Bidder, who has made simi- 
lar experiments on dogs that had been previ(fusly strangled, arrived at 
nearly similar results ; but unfortunately, as this observer remarks, such 
experiments scarcely warrant tis in drawing any definite concBisi^n. If, 
for instance, as Vierordt^ observes, the ascent of the chyle be arrested 
by cutdng the thoracic duct, which is one of the most cHicient cauees^of 
its motion, it must not be forgotten, that this operation may be followed* 
by too abundant a discharge ; for here, as in the analogous but more 
strongly-marked case of^the blood, thei'c will necessarily be an afflux of 
juices from all sides, which must increase in an extraordinary degree 
the vis a tergo, however small it may be, by which the chyle is propelled. 
The lymph will at all events flow more abundantly, rendering the result 
of the iiiqui y so uncertain as to prevent ai^ proper solution of the 
physiological question concerning the quantity of the newly-forrncd and 
elaborated nutrient matter wdiiirh passes through the chyle-vessels. 

Vierordt proposes the following method for computing the^ quantity 
of the chyle which passes into the blood of an adulUin 24 hours : — As 
100 grammes of dry nitrogenous matters are daily consumed by an adult 
man, and as the chyle contains about 4^ of such matters, the quantity 
of chyle daily formed will amount to 2J kilogrammes, or about 5 pounds.^ 
Vierordt himself observes that this calculation does not admit of a com- 
parison with those of the earlier inquirers,, because the lymph mixed 


* [Lehmann refers in afoot-note to p. 78 of Ludwig’s translation of Cruikshanh’s 

“ Anatomy of the Absorbing Vessels” as his authority for this assertion. All that 
Cruiksharik says is : The chyle in the lacteals of the mesentery of dogs, in some of 
my experiments, evidently run through a space of four inches in a second, whi^ is 
twenty feet in a minute.” 1st Ed., Lend., 1786, p. 29. In neither his first nor Ins 
second edition (publisned in 1790) does he attempt to determine the quantity of the 
chyle.— G. E. D.J 'X j 

2 Arch. f. phys. Ileilk. Bd. 7, S. 281-285. 

* [The kilogramme *=3 2*2 pounds avoirdupois; hence 2A kilogrammes = pounds. — 

G. £. D.J 
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frith the chyle and flowing from the lymphatics, is not included in the 
computation, and because the quantity cannot bo even approximately 
computed, owing to our uncertainty regarding the quantity of the 
lymph. The quantity of albumen which the chyle receives in the 
mesenteric glands, is excluded by Vierordt in his calculation, because 
he regards it as too small to require notice. To tl^ose who believe with 
Vierordt, that nitrogenous nutrient matters can only reach the blood 
through the lactcals, his mode of calculation may serve as an index of 
the quantity of the chyle ; but all who concur with Frerichs and other 
observers, in assuming that the peptones are resorbed by the stomach 
and intestinal canal through the veins — an opinion which appears to be 
borne out by many circumstances — will necessarily attach more weight 
to the direct observations of Magendie and Bidder, than to Vicrordt’s 
calculation. 

On the other hand, Vierordt would have approximated more nearly 
to the truth, if, instead of selecting the nitrogenous constituents, ho had 
based his calculation on the quantity of fat in the chyle and the amount 
of fat which was daily resorbed in the intestinal canal. We know from 
Boussingault’s* admirable experiments on ducks, that these animals are 
not able to take up more than 19*2 grammes in 24 hours, however rich 
in fat their food may Vje. Wc are, therefore, led to presume that there 
may be a similar limit tc^he resorption of fat in other animals. From 
numerous experiments on cats, Schmidt, Bidder, and Lenz® have indeed 
convinced' themselves of the correctness and general applicability of 
Boussingault’s observation ; for they found that cats weighing 1 000 
gi;amcneH were able’ to take up from 0‘6 to 0'9 of a gramme of fat in 
‘ one hour, the surplus being carried off with the excrements. It is far 
more probable that all the resorbed fa* should reach the blood through 
the lacteals, than that all the pr/)tein-bodics should pass into the chyle ; 
and hence we shall prctbably obtain a neai*er approximate number for 
the chyle which passes hourly into the blood, by adopting the amount 
of fat in the chyle of cats as the other basis of our calculation. Nasse, 
as has been already obs^^rved, found 3*27 g of fat in the chyle of a cat ; 
now, if no lymph flowed into the chylp, and if we’ assume that lymph 
contains some, although not much, fat (for Tiedemann and Grnelin found 
only traces of fat in the contents of the thoracic duct of fasting horses), 
and if it were shown that the chyle docs not actually lose any fat in the 
mesenteric glands (this substance only becoming saponified), and that 
all the fat of the chyle of the thoracic duct has originated directly from 
the intestinal contents, eats weighing 1000 grammes would pour 22*9 
grammes of chyle into the blood ui one hour (supposing that they ab- 
sorbed 0-75 of a gramme of fat in the same time), or 549*6 grammes of 
chyle in 24 hours. But as this would be more than half their weight, 
it is very improbable that this is the correct quantity. If wc assumed 
six hours as the period during which true chyle passes into the blood, a 
caf" weighing 1 kilogramme would daily elaborate 137*4 grammes of 
chyle. These calculations, more especially when they are extended to 
the human organism, are, however, far too uncertain to afford any stable 

* Ann. de Ohim. et de Phys. 3 S^r. T. 19, p. 117-125. 

* De adipis concoctione et absorptiono. Dorp. Liv. 1850, p. 62-79. 
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support to our future inquiries into the mechanical metamorphosis 8f 
matter, for there exist innumerable relations by which the result of such 
calculations may be completely modified. It would carry us too far 
from our subject were we to enumerate all these relations ; we will, 
therefore, simply remark that probably a large quantity of fat is not 
conveyed from the chyme to the lacteals, but is rcsorbed by the veins, 
for liow otherwise could the portal blood of animals be almost twice as 
rich in fat during the process of digestion as in the fasting condition ? 
(See p. 619 of the first volume.) 

We cannot entertain any doubt as to the origin of the chyle, since 
nature itself has clearly manifested its source to us. Certain questions 
here present themselves as to the mode in which the individual consti- 
tuents pass into the lacteals, and the alterations which they undergo 
within these vessels. The lacteals originate in the axis of the villi which 
are spread over the whole of the small intestine, and present small club- 
like dilatations. The lacteals are surrounded at their origins by vesicles 
or cells which appear as if imbedded in an indistinct fibrous mass ; while 
nearer to the exterior and to the peripheral investment of cylindrical 
epithelium covering the intestinal villi, there lie the trunks of the minute 
bloodvessels, which communicate together by means of a very fine net- 
work of capillaries. According to E. H. Weber, ‘ there is a layer of 
round cells situated immediately below the eJ|>ithelium, which are col- 
lapsed during fasting, and inflated like well-filled vesicles during the 
process of digestion. All observers concur in the opinion tHht each in- 
dividual particle of cylindrical epithelium partici 2 >ates in the process of 
resorption, and is filled with a granular substance which causes jts 
distension, and in some cases even a slight distortion. It is, however,* 
more especially and almost exclasively during digestion that this layer 
of round cells apjiears under the epithelial investment ; some of these 
cells being then filled with a clear, transparent, faintly yellow fluid, 
others with a granular substance. Thus we often find a cell of this kind 
filled with limpid fluid situated on the apex of an intestinal villus, and 
close by it another cell of equal size, filled, with eranular emulsive 
matter. 

Besides numerous observatioi»s on animals in relation to this point, I 
remember noticing this appearance most strikingly and distinctly in the 
intestinal villi of a decapitated criminal, in whoso examination E. H. 
Weber had permitted me to take part. The microscopical preparations 
made by Weber at the time have kept so well, that they still fully testify 
to the accuracy of his observations, and show that the structures in 
question are neither epithelial cells filled with fat (as was conjectured by 
Ererichs) nor fat-globules merely adhering, to the surface of the villi. 
The distortion of the cells which Frerichs was also unable to detect, 
may likewise be easily recognized in these preparations. 

The limpid contents of these clear globules, which are probably the 
oscula of the intestinal villi, according to the views of the older ph;^io- 
logists, can from their refractive power scarcely be anything but fat, 

* Muller’s Arch. 1847, S. 399. [We may also refer the reader to Professor Goodsir’s 
remarks on this subject in his Anatomical and Pathological Obeeryations,” rp. 6-10. 
— G. E. n.] 
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&iid this leads us at once to the h^otheses regarding the resorption of 
fat by the intestinal villi. E.. Wagner* assumes that the solid neutral 
fats must bo fused by animal heat previously to their resorption, whilst 
the fluid fats are resorbed unchanged. In order to explain the passage 
of the fats into the intestinal villi, Wagner has assumed that some por- 
tions of the intestinal canal are intended solely for the absorption of the 
fats, and others only for taking up the aqueous fluid. We should, 
however, rather be disposed to assume with Lenz® that certain cells in 
each intestinal villus are solely destined for the absorption of fat, — a 
mode of explanation which would be especially convincing to the chemist, 
who is accustomed to separate fatty from aqueous fluids by means of a 
filter saturated in one case with water, and in the other with oil. If we 
constantly observed (as we might often do) that the apex of each intesti- 
nal villus exhibits one vesicle more conspicuous than others for its size, 
and filled with a clear, strongly refractive fluid, together with another 
equally prominent vesicle, filled with granular matter, we should the 
more readily be led to the adoption of this hypothesis, since it affords 
an explanation of the view advanced by Boussingault, and confirmed by 
Bidder and Schmidt, that the absorption of fat from the intestine is con- 
fined within definite limits; Lenz adopted a very ingenious method for 
the further support of this hypothesis, which, however, did not prove so 
satisfactory as might have been desired. He injected butter, that had 
been colored with alcan n a pigment, into the stomachs of cats, and killed 
the animals some hours afterwards. Most of the cells were found to be 
filled with yellowish fat, but this appearance could not afford any de- 
cigive explanation of the subject under consideration. However ingeniously 
‘ this experiment was conceived, its frequent repetition was scarcely calcu- 
lated to yield perfectly reliable rcsidts, for the fat would certainly 
become mixed in some places Tpth the aqueous fluid, and as it would 
have to penetrate through several cells before it reached the smaller 
lacteals, it would enter those vessels mixed with the watery fluid ; and 
this admixture would likewise go on in the villi of the cells surrounding 
the origins of the lactealg. If the cells filled with fat, and situated on the 
periphery ofihe villi amf at their outer extremities, diiTnot differ so strongly 
from the others, it would be illogical to aj^tempt to explain the occurrence 
of a process in the interior which has been regarded as improbable at 
the surface, the relations existing in both being very nearly identical. 
Here, however, these relations are somewhat different, for we find some 
cells containing fat, and others filled with an albuminous fluid, appearing 
to be closely compressed together. This pressure may easily exert a 
modifying action on the permeability of the delicate cell-membranes, in 
the same manner as we fipd that on pouring an oily, emulsive, watery 
fluid on a filter, which has been completely saturated with water, oil will 
penetrate at some spots. The extreme comminution of the fat in the 
intestinal canal, which is occasionally observed to take place under ordi- 
nafy relations, through the agency of the bile and the pancreatic juice, 
is by no means necessary ; at all events, Schmidt and Bidder found that 
in animals into whose intestine pure fat had been conveyed after the 

> Lobrh. d. speo. Physiol. 3, Aufl. 1846, S. 268. Anm. 8. 

* Op. oit. p. 86-89. 
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exclusion of the bile and pancreatic juice, the lymphatics of the mesen- 
tery were as completely filled with milky chyle, as they usually appear 
to be after the use of fatty nutriment, when there is a free access of 
these glandular secretions. We cannot, therefore, assume the occur- 
rence of an extreme comminution of fat in the aqueous fluid at tho 
surface of the villi ; but as the separate cells of the villi rapidly fill, and 
soon begin to exchange and blend their contents, the repetition of the 
experiment made by Lenz can scarcely afford any decisive results ; for 
although the coloring by alcanna may cause the cells to be more con- 
spicuous under the microscope than they would otherwise appear, the 
cells which were originally filled only with an aqueous fluid would 
speedily acquire the same hue, in consequence of their being partially 
permeated by colored fat. We must, moreover, confess that we are as 
yet unable to explain, from any known physical facts, the relations of 
transudation occurring in the cells. We will here merely refer to the 
rapidity w'ith which the cells arc frequently filled with granules of fat in 
certain pathological conditions, and to the still greater rapidity with 
which they are emptied — processes which have been most carefully 
studied by Virchow. A dehiscence of the cells may very probably 
occur only at individual points, and in such ti manner, that the cell re- 
covers its original integrity after the discharge of the superfluous sub- 
stance. But these arc all questions for whose further elucidation we 
must look to future pliysico-physiological inquiries. 

We find more free and much less saponified fat in the small *nd in- 
termediate lactcals than in the thoracic duct ; and hence we are led to 
assume that a gradual saponification of the fat takes place iie the 
mesenteric glands, where the chyle is undoubtedly brought in closer con- 
tact with the blood; this process •being effected by means of the alkali 
of the latter fluid. A portion of the f»ee fat is undoubtedly employed 
in the cell-formation which then ensues, but we can scarcely hazard a 
conjecture as to the chemical mode in which those metamorphoses are 
effected, which the fats themselves undergo in this process. But as it is 
certain that more aljcaline salts of the fatty ackjp exist in the chjjrle of 
the thoracic duct than in that of the smaller lacteals or even than in tho 
blood, these saponified fats cannot originate from the lymph that is 
mixed with the chyle, or from the plasma of the blood, but mn^t rather 
be owing to saponification within the lacteals themselves. 

The two following questions especially force themselves upon our 
notice, in considering the origin of the albuminous substances contained 
in the chyle : — 1. Is the fibrin found in the chyle formed within that 
fluid, or does it originate in the intercellular fluid transuded from the 
blood ? and 2. Does the albumen reach the intestinal villi in its perfect 
state, or arc the absorbed peptones elaborated into albumen within the 
cells of the villi and in the lacteals ? In respect to the latter of these 
questions, we have already (at pp. 494 and 514, vol. i.) indicated the grounds 
which have led us to the view that the peptones are not converted into 
albumen in the intestinal canal itself, notwithstanding the incontroverti- 
ble facts which have been advanced by Frcrichs in favor of the opposite 
opinion. The system of cells through which the absorbed albuminous 
substances (and consequently the peptones, according to our view) have 
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pass before they can enter their j)roper vessels (the lacteals) and the 
abundant network of capillaries enclosing these cells, appear to us 
clearly to indicate that these substances have here still to undergo im- 
portant changes, whose final product can scarcely be anything else than 
true coagulable albumen containing alkali. It has further been found 
that the chyle after its passage through the mesenteric glands, is richer 
in albumen than it previously was ; and this augmentation is solely re- 
ferable to the absorption of blood-albumen in the glahds. In proportion 
to our certainty on these points, so much the more probable it becomes 
that the augmentation of the albumen, at all events in part, depends 
upon the complete metamorphosis of the peptones into coagulable albu- 
men. 

In regard to the second question, we must remain undecided between 
the opposite results of Prout* and of Tiedemann and Gmelin,® as to 
whether the chyle contains true fibrin before its passage through the 
glands, or whether the coagulum observed by the former chemist, did not 
consist of fat-cclls, and other albuminous matters. If the plasma actually 
passes from the blood into the lacteals, which, indeed, cannot be doiibtcd, 
it would seem most probable that the whole of the small quantity of 
fibrin which is contained Ih the chyle originates from the blood or from 
the lymph. This view is further supported by our observations (in pp. 
322—325, vol. i.) regarding the origin and the physiological importance of 
the fibrin. The soft, friable character of the chylc-fibrin has usually been 
regarded a^ affording a proof that it is first produced from albumen in 
the chyle, and that hence it appears there in such an imperfectly formed 
state;* But we have already remarked in reference to the albumen, that 
'the idea of greater or less perfection in regard to chemical substances is 
altogether inadmissible ; we can only speak of an imperfect development 
when we treat of morphologicabobjects. The reason why the fibrin in 
the chyle often (although not always) separates in this peculiar form is 
in no way connected with its being imperfectly elaborated from albumen ; 
it solely depends on the character and chemical composition of the fluid 
from which the separation takes place. In diseased blood and in patho- 
logical exudations, we likewise observe that the fibrin separates in the 
same loose, friable, and sometimes even diffluent form as from the chyle ; 
indeed, w^e are able to induce this loose, friable coagulation of the fibrin 
by artificial means, as, for instance, by diluting the plasma with water, 
by the addition of alkalies, &c. On these grounds, it seems far more 
probable that tlie fibrin of the chyle is due to the blood-plasma and 
lymph which have been absorbed into the lacteals, than that perfectly 
formed albumen should be here oxidized into fibrin. 

With regard to the other constituents of the chyle, they are already 
formed in the chyme, and pass unchanged into the lacteals ; it is singular 
that sugar, which I only found in such very, small quantity in portal 
blood, is also only present in extremely small quantity, or is altogether 
absent, in chyle. This circumstance may be, in some degree, explained 
by the consideration that the conversion of starch into sugar in the in- 
testine usually proceeds only very slowly, and that hence only very 
small quantities enter the lacteals and bloodvessels. 

' Annale of Philos. Vol. 13, pp. 12 and 266. * Op. oit., p. 167. 
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We have already noticed the development of the morphological eh* 
menu of the chyle within the lacteals, in our remarks on the origin of 
the colorleps corpuscles (see p. 642 of first volume). # 

It has been maintained by several of our leading authorities, that 
hcematin occurs in solution in the chyle-serum, and that hence it must 
be formed in the chyle ; but independently of the circumstance that a 
similar relation ito that in the case of the fibrin may also hold good here, 
that is to say, that it may owe its origin to the blood-cells of the splenic 
lymphatics, it cannot have been possible for these chemists, with the 
aids at their command, to decide with certainty whether the hmmatin 
that was found, did not belong to the red corpuscles of the chyle. At 
all events, I have been unable to detect any dissolved luematin in the 
chyle-scrum from the thoracic duct in horses, which is most commonly 
of a red or cinnamon color, and holds in suspension true haiinatin, con- 
taining blood-corpuscles ; if, however, dccornj)osition has commenced in 
the chyle, haematin will then be found in the plasma in consequence of 
the disintegration of the blood-corpuscles. 


LYMPH. 

The lymph forms a colorless or ycllowisli fluid, which is onljTred if 
blood-corpuscles happen to be mixed with it ; it is sometimes transparent, 
sometimes slightly turbid or opalescent, of a faintly saline taste*aml 
mawkish animal odor ; its reaction is usually alkaline ; it coagulates in 
from four to twenty minutes after^its discharge from the lymphatics ; it 
then forms a gelatinous, trembling, colorless coagulum, which gradually 
contracts more firmly, and encloses a large number of the so-called 
lymph-corpuscles ; in relation to the scrum this coagulum usually occu- 
pies only a very small space. 

Besides fat-globules and nucleus-like formatiunp, wo especially notice 
amongst the rnorphological elements the true lymph-corpuBcles which, 
however, do not essentially dilfeir from mucus- and pus corpuscles. In 
lymph that has been carefully collected, we only find blood-c<irpuscles 
when the fluid has been obtained from tlio lymphatics •of the spleen or 
from animals that have been starved to death (H. Nasse).^ 

There are many difliculties in the way of our obtaining pure lymph ; 
it is sufficient to mention that, except in the very largest animals, it is 
often extremely difficult to find and dissect the lymphatics, and that 
even in the most favorable cases we cannot av^>id an admixture of blood 
and fat, on cutting into the vessel and allowing its contents to discharge 
themselves. Hence recourse has generally beeji had to accidental cases, 
and lymph has been analyzed which escaped spontaneously in congp- 
quence of a wound or from a true lymphatic tumor. By the method 
described by J. Muller,* we can in a short time obtain from frogs a very 
considerable quantity of lymph, which, however, usually contains a slight 

> Handworterb. der Physiol. Bd. 2, S. 368-430. 

® Uandb. der Physiol, dcs Menschen. 4 Auh. Bd. 1, S, 203 [or English translation, 
2d Ed., vol. 3, p. 278]. 
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Admixture of blood ; we make a crucial incision through the skin of a 
frog’s thigh, and dissect a portion of skin, above and below, from the 
subjacent musclfs ; from this wound there flows such a quantity of 
lymph, that if we amputate the thigh, we often obtain more lymph than 
blood. Fishes usually have tolerably large lymphatics in the lower part 
of the orbit, and we may readily collect their lymph by opening the orbit 
from below and then cutting the absorbents. 

The simplest method of obtaining a large quantity of lymph would be 
by cutting the thoracic duct of animals which had been for a long time 
deprived of food ; but I agree with Nasse in considering this method as 
unfit for yielding a lymph sufiicicntly genuine and pure for chemical 
analysis. 

The chemical constituents are, in general, very similar to those of the 
blood without red corpuscles. The spontaneously coagulating substance 
of the lymph is perfectly identical with the fibrin of the blood ; like 
ordinary fibrin, it is converted, by digestion in a solution of nitre, into 
an albuminous substance coagulable.by heat and precipitable by acetic 
acid. As in the case of the chyle, it is impossible here also to deter- 
mine its quantity very accurately, since we are unable to separate it 
completely from cell-formations. In human lymph (obtained in cases of 
disease or injury), Marchand and Colberg' found 0-52g and L’Heritier 
0-32J5 of fibrin, while in the lymph of the horse from 0-04 to 0’33g has 
been found (Reuss and Emmert,® Gmclin,® Lassaigne,'* Rees,* Geiger and 
Schlossbe^gei’*). J. Muller found that frogs* which had been starved 
during the winter, yielded a lymph perfectly free from fibrin, while on 
the other hand, Nasse found that the lymph of frogs which had been 
’ kept in a heated room, still coagulated. 

The albumen of the lymph has the, same general properties as that 
of the blood ; Geiger and Schjpssbcrgcr have, however, recorded the 
singular result that the albumen from the lymph of a horse, although it 
exhibited no reaction with vegetable colors, did not coagulate on boiling, 
but tliat on evaporation there was a membrane formed on the surface of 
the fluid as if a stron^y alkaline albuminate of soda had been present ; 
this lymph-serum was not rendered turbid by acetic acid, unless after 
being thus acidified it was boiled ; as no goagulum was induced by rennet, 
it was obvious that no casein was present ; moreover this scrum was not 
coagulated by ether. In human lymph the albumen has been found to 
vary from 0'434 (Marchand^) to 6'0022 (L’Heritier), and in that of the 
horse from 1'2 to 2’75i{. 

In the ash of the albumen of the lymph, even after repeated extrac- 
tions with water and spirit, Nasse found an extraordinarily large 
quantity of alkaline carbonates: according both to his experiments and 
those of Geiger, the lymph contains that strongly basic albuminate of 
soda which, in the absence of other alkaline salts, communicates no 
alkaline reaction to the solution, and even when coagulated retains much 
alSali. 

‘ Pogg. Ann. Bd. 48, S. 625. * Allg. Jonrn. d. Ch. Bd. 8, S. 691. 

^ A. Muller, Dies, inaug. Ileidelb. 1819, p. 69. 

^ IlechcrcLca physiol, et chiiniques#to. Paris, 1825, p. 61. 

® Phil. Mag. Feb. 1841, p. 166. « Arch. f. phys. Heilk. Bd. 5, S. 392-396. 

’ Simon's Beitr. z. phye. u. pathol. Chem. Bd. 1, S. 449. 
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Fat occurs in the lymph only in small quantities, and is for the most 
part in a saponified form: in the lymph of the horse Nasse found 
O’OOSSg of free fat and 0-0575g of alkaline salts of fatty acids, while in 
human lymph Marchand and Oolberg found 0*264 g of a pale reddish- 
colored mt. ' ^ 

The extractive matters of the lymph have not been closely examined, 
although their quantity in relation to the albumen is by no means sihall. 
In horses’ lymph Nasse found 0*07558 of extractive matters soluble in 
alcohol, and 0*98778 soluble in water only, while according to Geiger 
and Schlossberger, the whole of the extractive matters amount to 

0*278. 

Nasse was unable to detect urea in the lymph of tho horse. 

We have already noticed the existence of lactates in the lymph. 
(See vol. i. p. 96.) 

As in all the animal fluids <Moride of (sodium is the preponderating 
mineral constituent ; in horses’ lymph it amounted, according to Nassfe, 
to 0*41238. 

Moreover, alkaline carbonates were found by Nasse in horses’ lymph, 
but Geiger failed in detecting them ; Nasse calculates their quantity at 
0*0568, and he assured himself of their presenee by observing, with the 
microscope, the development of bubbles of gas on the addition of acetic 
acid. In the ash of tho solid constituents of the lymph, Geiger also 
found an abundance of alkaline carbonates. , 

The presence of ammofiiacal salts, which was suspected by Nalse, has 
been definitely established in horses’ lymph by Geiger and Schloss- 
berger. 

Nasse found that horses’ lymph was comparatively rich in sulphuric 
acid, which existed there prefoftned ; he calculated the quantity of 
sulphate of potash at O'O^SSg. 

Alkaline phosphates occur only in very small quantities in the lymph. 

The earthy salts, with a little peroxide of iron (arising probably from 
the presence of a few blood-corpuscles), were found by Nasse to amount 
to only 0*0318 in horses’ lymph. 

The quantity of water in the lymph appears to be very Variable, but 
never to be nearly so great as <in the blood-plasma ; in human lymph 
Marchand found 96*9268, L’Hcritier 92*4368 water ^ in the 
lymph of horses the quantity has been found to vary*from 92*58 
saigne) to 98*378 (Geiger). 

Nasse has instituted an interesting comparison (based on direct 
analyses) between the composition of the lymph and of the blood-serum of 
the horse, from which it follows that the individual salts stand to one 
another in precisely the same ratio in both fluids, although their abso- 
lute quantity is very different in consequence of the larger amount of. 
water in the lymph. Besides the differences in the amount of w*ater in 
the two fluids (the water of tho blood-serum being 7*88, that of tjie 
lymph being 5*03), there are also considerable differences in the propor- 
tions in which the mineral constituents stand to the organic matters in 
the two fluids ; while 100 parts of salts correspond to 1036 parts of 
organic XQatters in the blood-scrum, the hatio in the lymph is as 100 to 

VOL. 11 . 3 
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ouly 785 ; according to Marchand and Colbcrg, human lymph contains 
inorganic aifd organic matters in almost equal parts. 

It is hopeless at present to attempt to calculate the quantity of lymph 
contained in the whole animal body, since we have no fixed points of 
support to assist us in such a calculation. Even if the lymph of different 
parts were not so variously constituted as from certain facts and on the- 
oretical grounds appears to be probably the case, — and if the rapidity 
of the lymph-current in the different vessels (before and after the passage 
of the lymph through the glands) were not so various, and, moreover, so 
dependent on internal and external (that is to say, physical and cheraico- 
physiological) conditions, as has been shown by Noll,' — wo should still 
be far less able to calculate the capacity of the lymphatics than of the 
bloodvessels, since we are much less acquainted with the anatomy of the 
former than of the latter. Wo referred, in our remarks on the quantity 
of chyle formed in a definite time, to 'the reasons which render the 
amount of fluid escaping from the main branch of a lymphatic system, 
an inefficient criterion of the quantity of this juice formed within any 
given period. The following facts may, however, aid us in arriving at 
an approximate idea of the (iu<antity of lymph formed or flowing into the 
vessels ; Collard de Martigny® found that 9 grains of this fluid flowed in 
10 minutes from the thoracic duct of a rabbit which had fasted for 24 
hours. J. Muller assumes the capacity of the four lymphatic hearts 
which he discovered in the frog, at about 4 cubic lines, and as these 
would Inakc about 60 pulsations in a minute, tHese four lymphatic hearts 
would drive about 240 cubic lines of lymph into the veins in this period, 
. provided that they are completely emptied at every contraction, which, 
however, is not the case. Moreover, the lymphatic system is of far 
more relative importance in frogs and Cold-blooded animals than in those 
in which there is warm blood. * 

Bidder® believes, from his experiments on animals, that in an adult 
man about 18 kilogrammes [about 28'61bs.] pass in the course of 24 
hours from the thoracic duct into the subclavian vein. He is of opinion 
that only 3 kilogrammes [6’61bs.] are tnio chyle (or digested nutrient 
matter), and that 10 kilogrammes [22 Ibs.j are true lymph. Hence in 
the course of 24 hours a quantity of Ijmph, averaging from l-8th to 
l-7th ofdhe weight of the body is formed and poured into the blood. 

The origin of ^ the lymph has been referred by all physiologists to the 
juice which flows from the capillaries into the parenchyma of the organs, 
either for their nutrition or for the formation of the secretions. Although 
physiologists had previously shown that the character and quantity of 
the lymph depend upon the fluid conveyed through the capillaries, and 
transuded from them, these views have recently'been fully confirmed by 
^oll. It therefore now only remains for the chemist to institute an 
accurate comparison of the blood-plasma, the parenchymatous fluid, the 
sqgretions and the lymph, in order to deduce the chemical equations 
giving the scientific expression for the processes which give rise to the 
fomation of the lymph. We are, however, still very far distant from 
the attainment of this aim, towards which our chemical investigations 

> Zeitechr. f. rat. Med. Bd. 9, S. 62-98. * Journ. de Phyeiol. T. 8, p. 266. 

3 VerdauungBsafte and Stoffwechsel. S. 285. 
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ought to be directed ; for even if we assume tliat the differences in*the 
transuding blood-plasma and the resorbed lymph can be investigated 
with chemical (accuracy in the same individuals, we are yet unable to 
draw a«iy certain conclusions in reference to the metamorphoses which 
the blood-plasma undergoes in each individual organ, or even generally, 
or to trace the origin of the separate constituents of the lymph. More- 
over the lymph which is accessible to chemical inquiry by means of the 
physiological aids at present at our command, -cannot be regarded as the 
product of the nutrition of these organs. For there is not only a larger 
quantity of plasma exuded through the capillariel than is necessary for 
the nutrition of the organs and the formation of the secretions (so that 
a large proportion of unclainged plasma is blended with the substances 
which are either metamdrphosed by nutrition, or have not passed into 
the secretions), but it is further proved by innumerable physiological 
facts, that the fluid which is resorbed by the lymphatics undergoes 
further metamorphoses in its passage through the lymphatic glands. It 
may be inferred from the appeaiiance of cells, which, however, are pro- 
bably not formed until after the passage of the absorbed fluid through 
the glands (at least in the animals provided with lymphatic glands), 
that the lymph contains not only the products of regressive metamor- 
phoses, but even true plastic substances. The lymph of certain organs 
appears to possess so high a degree of plastic force, that blood-corpuscles 
arc even formed in it ; the lymph of the spleen frequently, and indeed 
generally, contains blotid-corpuscles, as has been already n*oti<SBd. Ac- 
cording to IIuBchke,* the Malpighian corpuscles of the spleen arc 
nothing more than dilatations of the lymphatics, but from the comcident 
observations of Gerlach* and Schaffner,^ it seems much more probabte 
that this organ is one of the main factories for ^e blood-corpuscles. If, 
however, the lymph mqst vary according to the quantity of unchanged 
blood-plasma which it may contain, we find a new ground established for 
the great differences which it presents in different parts, when we con- 
sider that the chemical constitution of the transuded plasma depends 
upon the character of the capillai-ies of each pi;gan, that is to say, upon 
their width, upon the density of their walls, the velocity with which the 
blood streams through them,«&c. Gerlach draws especial ’'attention to 
the fact that the spleen has very wide bloodvessels, which may be classed 
amongst the capillaries from the absence of a circular fibrous coat, and 
which would appear from the thinness of their walls to bo better adapted 
than the capillaries of other organs to admit of the transudation of a 
perfectly unchanged blood-plasma, that is to say, of an intercellular 
fluid, and would therefore afford the most abundant materials for the 
formation of cells. If we may regard certain normal or even dropsical 
exudations in the animal body, as for instance, the transudations of the 
choroid plexus of the brain (which are very remote from the lymphatics 
that lie only on the periphery), as the direct secretions or transnd^ions 
of the capillaries, the view which is based on the difference in the capil- 
laries will derive additional support from the chemical investigation of 
the transudations of the different capillary systems. Thus, for instance, 

> Lehre von den Eingeweiden. S. 176, ff. * Zeitsohr. f. rat. Med. Bd. 7, S. 75-82. 

» Ibid, p. 345-364. 
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C. Schmidt^ has drawn the following conclusions from the comparison 
between the composition of the transudation of the capiUaries of the 
peripheral membranes of the brain, and that of the transudation which 
issues from the central capillaries of the same organ ; namely, tfeat the 
fluid of the brain and spinal cord is by no means mere blood*plasma 
separated, as it were, by mechanical filtration from the more widely 
circulating blood-cells, and robbed of some portion of the nitrogenous 
and fatty matters, which are taken up by the cerebral substance. When 
we proceed to conside^the exudations, we shall have to revert to those 
investigations of Schmidt, which tend to show that the fluids permeating 
through the different capillary systems of the body possess a constitu- 
tjpn, which, although constant for the same system, differs in the 
different systems, exhibiting its principal diffdrenoes in respect to the 
amount of albumen, while the inorganic constituents remain nearly the 
same as in the blood. According to Schmidt’s investigations, protein- 
bodies transude through the capillaries of the pleura in the largest 
quantity ; scarcely half so large a quantity passing through the capillary 
vessels of the peritoneum, still less through those of the brain, and least 
of all through those of the subcutaneous hrcolar tissue. 

These, and similar points of consideration, appear to us to be neces- 
sary for the establishment of a physiologico-chemical investigation of the 
origin and physiological import of the lymph ; for any chemical equa- 
tion would qfford a false representation of the sources of the lymph, and 
of its Mportance in respect to animal life, if it were derived from the 
simple chemical analysis of the lymph of thq larger vessels, without re- 
^rencS^ to these points. Unfortunately, however, we are here merely 
on the borders of a department in which we scarcely know the course or 
the direction M'hich may lead us to the object of our inquiries. Nasse 
was the first who endeavored to 'throw light op tlxis subject, by com- 
paring, as we have already mentioned, the serum of the blood of the 
horse with the lymph taken from the cervical region of the same animal. 
The following are the results of this inquiry. 

The lymph always contains more ivater than the liquor sanguinis; 
hence it is ^ot* perfect plasma which is exuded from the blood ; but pro- 
portionally more water and less solid constituents are transuded, than 
correspond, with the liquor sanguinis. The circulating blood must 
therefore be more concentrated. 

On comparing the solid constituents of the lymph and of the serum, 
we find that the former contains far less albumen than the latter ; with 
every 100 parts of soluble salts there occur in the blood-serum 838, and 
in the lymph only 697 parts of albumen. This relative deficiency of 
albumen in the lymph cannot merely depend upon the circumstance that 
less albumen has originally escaped from the cappariee, but prinqipally 
on the fact that a portion of it has been applied to the restitution of the 
textural elements which have become effete, as well as to the formation 
of the lymph-corpuscles. 

Moreover, we find far less fat in the solid residue of the lymph than 
in that of the blood-serum ; Nasse found the ratio of the soluble salts to 
the ether-extract to be 100 : 1'57 in the lymph, and 100 : 4*8 in the 
^ Charakteristik der Cholera, u. s. w. S. 124-148. 
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serum. Since it follows from the examination of morbid transudations 
that they contain veiy little fat, we might assume that the excess of fat 
remains in thd serum, especially since the venous blood has been found 
to be richer in fat than the arterial ; a part, however, of the transuded 
fat may be applied to the formation of cells within the lymph, although 
iu Nasse’s comparative analyses, the fibrin and lymph-corpuscles are 
calculated with the albumen, and hence their fat is included in the ana- 
lysis of the residue of the lymph ; on the other hand, the neutral fats 
extractable by ether have become in part saponified, and must be sought 
for in Nasse’s alcohol-extract. 

The solid residue of the lymph contains relatively more extractive 
matters than that of the sefum ; if we here also take 100 parts of soluble 
salts as the standard of comparison, the ratio (according to Nasse’s ana- 
lyses) is as 100 : 50'4 in the serum, and as 100 : 87*0 in the lymph. 
This augmentation of the extractive matters in the lymph seems obviously 
due to the detriUis of the more or less active metamorphosis of the 
tissues, although a portion of this detritus probably transudes from the 
capillaries even more readily than the soluble salts ; at all events we 
generally find far more extractive matters in the morbid transudations 
of the capillaries than in the blood. Hence* these matters cannot be 
regarded merely as the remains of textural metamorphosis, but also of 
the cell-formation already existing in the blood. There are, however, 
undoubtedly concealed in the extractive matters a number substances, 
whose accurate chemical examination promises to throw much* light on 
the metamorphosis of the animal tissues. According to Nasse’s analyses, 
there is an augmentation of the alcohol-extract in the lymph ; thiS is due 
to the soaps that are formed, and to the lactic acid and the urea. It is 
true that no urea can be dirfictly detected in the lymph, but wo can 
hardly do otherwise than suppose that the urea — a product of the meta- 
morphosis of tissue — passes rapidly through the lymphatics before it 
reaches the blood and is finally separated by the kidneys. The fact 
that Schmidt* found urea in the fluid in chronic hydrocephalus, might 
probably bo taken as a proof that urea is necessarily present in the 
lymph, if the non-existence of a simultaneous renal disease had been de- 
monstrated in this case ; and Scherer’s admirable discoveries regarding 
the secreted matters found in the parenchyma of the spleen* speak still 
more strongly in favor of this view. Nasse certainly assumes a regres- 
sive movement of the transudation, or of some of its constituents, into 
the capillaries, and according to this view the secreted matters might 
also be taken up directly from the parenchymatous fluid by the capil- 
laries, but not by the absorbents ; but although, according to the expe- 
rience of several observers, the lymphatics* certainly appear to make a 
selection in the substances which th^ absorb, yet the latest investiga- 
tions of physiologists (and especially those of Noll) regarding the force 
which propels the lymph, indicate that it is the pressure proceeding/rom 
the capillaries which chiefly occasions the movepient in the lymphatics. 
It is not to be expected that, under the pressure which the lymphatics 
tend to lessen, any considerable part of the transudation could be re- 
conveyed into the capillaries by an opposite current. 


’ Op. cit., p. 123. 
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According to Nasse’s analyses, the ratio of the water to the soluble 
salts is as 100 ; 0’871 in the blood, and as 100 : 0*561 in the lymph of 
the horse. Hence, even in the normal state, the quantity of water 
which transudes from the capillaries is even proportionally greater than 
that of the soluble salts which escape. No one will, however, believe 
that the water which is formed by the metamorphbsis of the tissues con- 
tributes in any essential degree to the augmentation of the water in the 
lymph. The venous blood is consequently found to be poorer in water 
than the arterial blood. Uiffortunately the ash-analyses of the residues 
of the lymph and serum which were instituted by Nasse, are not of a 
nature to warrant our drawing any exact conclusions from them. Future 
and inore accurate analyses must show whether the same relations hold 
in the lymph that Schmidt found to occur in dropsical transudations ; 
that is to say, whether on the whole the salts remain the same as in the 
blood, excepting that the chlorides are rather more abundant than the 
phosphates, and that the salts of soda preponderate over those of potash. 
We may conclude from the analyses of the lymph made by Nasse and 
others, that the alkaline sulphates are qpntained in this fluid in much 
larger quantity than in the serum of the blood. The only process by 
which these salts can bo produced is the disintegration of the sulphurous 
tissues with the co-operation of the oxygen escaping Avith the plasma 
from the blood. 

Lastly^ Nr sse has found that there are far more earthy phosphates in 
the serum of the blood than in the lymph ; this is, however, only de- 
pendent on the circumstance that the albuminates in Avhich the earthy 
salts' are contained, occur in a loss proportion in the latter fluid. 

From a comparison of these analyses of the blood and of the lymph, 
it follows that the function of the lymphatics consists not merely in 
conveying those parts of the tissUos which have become effete into the 
blood, from which, after undergoing further changes, they arc separated 
by the organs of excretion, but also in elaborating the still plastic por- 
tions of the blood into cells — namely, the blood-corpuscles ; for how, if 
this wore not the ca 3 e,'<ft>uld cells occur directly in the lymph, if it 
merely carrietf off the disintegrated remains of the tissues ? for what 
purpose woidd its motion through the Iyra|?hatic glands bo suspended, or 
at all events considerably impeded, if the absorbents were not, like the 
lacteals, organs for 1;he elaboration and formation of the blood ? 


TRANSiJJDATIONS. 

While pathologists include under the term exudations all kinds of 
fluid, semi-solid, or solid substances which, in consequence of morbid 
action have been deposited in serous cavities, or in the parenchyma of 
organs, and have there undergone many metamorphoses, chiefly in a 
morphological point of view, we regard it as most expedient, in so far 
as the interests of physiology are concerned, to draw a distinction be- 
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tween the tranmdationa which consist of fluid constituents of the intercal- 
lular portion of the blood escaping from the capillaries, and exudations 
in which a change has already commenced. These transudations include 
all those fluids which are normally or abnormally effused from the blood- 
vessels (without laceration) into the parenchyma of organs, or into en- 
closed or open cavitiqg, or even on the surface of the animal body. 
Hence we include amongst the transudations the normal secretions of 
the serous membranes, and not merely those of the lining membrane of 
the cerebral ventricles, of the pericardium, the pleura, and the perito- 
neum, but also the tears, the aqueous humoJ^ of the eye, and the liquor 
amnii, and especially the parenchymatous fluid or juice which moistens 
and nourishes the tissues ; if these transudations are excessive, they form 
the albuminous and fibrinous exudations of pathologists. Although pa- 
thological transudations are now frequently submitted to chemical in- 
vestigation, and have been more accurately analyzed than the normal 
transudations, in consequence of the greater qu.antity in which they accu- 
mulate, we regard it as most expedient to follow the purely physiological 
view regarding the escape of these fluids from the capillaries, lest we 
should lose ourselves in the labyrinths of pathological systems and patho- 
logical fictions ; for the assumption of watery and serous transudations, of 
croupous and fibrinous, and again, of serous and albuminous, can find no 
support cither in physical or chemical physiology. Wo have already 
seen, when treating of the lymph (a subject closely allied, in more points 
than one, to that we are now discussing), that in accordance ^'ith the 
views of the most eminent physiologists of the present day, we must 
consider the escape of water and certain constituents of the liquor san- 
guinis through the walls of the capillaries as the result of a pnysical 
necessity consequent on the penetrability of the walls of the capillaries, 
the rapidity of the motion of the blood in them, and the physical and 
chemical characters of*the circulating fluid it.self. This variety in the 
conditions aflbrds at the same time an explanation of the differences in 
the physical and chemical properties of normal as well as of excessive 
transudations, and of the uncertainty of those attempts at classifying 
them, which arc based either on their incidciftal properties, or on the 
form of the metamorphoses which they are more or loss inclined to 
undergo. Hence, without attempting any system of classification, we 
will proceed to notice their ordinary physical characters, and their essen- 
tial and incidental constituents. 

The normal as well as the excessive transudations have in general the 
same properties as the intercellular fluid or the serum of the blood ; they 
are colorless, transparent, of a sickly and faintly saline taste, of an al- 
kaline reaction, and generally of lower specific gravity than the serum of 
the corresponding blood. Their morphologiGal elements vary with the 
surfaces on which they are effused ; hence we may meet with epithe- 
lial structures, molepular granules, bodies resembling nuclei and cell 
formations, which, however, are not peculiar to transudations ; Wood- 
corpuscles only occur in them when the capillaries have become lacerated 
in consequence of some disturbing influence, and blood has thus been 
actually mixed with the transudation. 

Moreover, the chemical constituents of the transudations are precisely 
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sirailar to those of the blood-plasma ; except that, as has been already 
noticed in regard to the lymph, all the constituents occur in a less ratio 
than in the plasma, and hence their water is increased ; and further, that 
some even of the organic constituents are so subordinate, that they ap- 
pear to be altogether wanting, and under the specially existing condi- 
tions, to be incapable of transudation. Hence^we might classify the 
transudations according to the absence of one or other constituent of the 
plasma, if only we could draw any definite limit, and could exhibit the 
perfect absence of the substance in question even in special cases. 

The absence or presened^of fibrin in the transudations has in this way 
occasioned the division of those effusions in the animal body which do 
not contain blood-cells into two principal classes, namely, into albumi- 
nous ^d fibrinous ; or, if they are very excessive, into serous and fibri- 
nous dropsy (Jul. Vogel).' No fibrin is to be found in the normal trans- 
udations of serous membranes, and in those excessive effusions which are 
not accompanied by that affection of the capillaries which we assume to 
exist in inflammations ; it is, therefore, absent in the cases of excessive 
accumulation of serum which arises either from a disturbed state of the 
functions of the lymphatics, or from an excess of water in the blood. 
If, however, the blood-current be much impeded, or if it bo perfectly 
stopped in the capillaries, fibrin always escapes through the attenuated 
walls of the vessels, and gives rise to more or less plastic exudations. 
Whether, as Vogel assumes, the transudation in non-fibrinous dropsy 
proceed^ chiefly from the smaller veins, and in fibrinous dropsy from the 
true capillaries, is a point which must he established by further histolo- 
logical investigations. Some capillaries may, in their perfectly normal 
state, possess the property of allowing the passage of fibrinous transuda- 
tion. If the parenchymatous juice whicji has become effused for the nu- 
trition of the organs cannot be readily isolated, and if wc, consequently, 
are unable to prove, by a direct niothod, that it dontains fibrin, yet, inde- 
pendently of the general belief, it is in the highest degree probable that 
this nutrient fluid actually contains fibrin ; for this view is supported by 
the amount of fibrin occurring in lymph, by the constitution of the 
nutrient fluid in the lower*" animals which do not possess distinct hlood- 
canals, and by the constant presence of fibrin in the ordinary plastic 
exudations, as is very well seen in the non-sanguinous secretion of fresh- 
incised wounds — a .secretion which has been accurately analyzed by 
Schmidt.* 

Fibrin may very often be contained in the transudation^ when, from 
its small quantity, or from the metamorphoses which it has already 
undergone, it may evade chemical detection. If we consider that in the 
plasma of normal blood the quantity of fibrin is only one-fortieth of that 
of the albumen, and if we shppose that the diminution of the fibrin in 
the transudation only correspondlhvith that of the albumen, there could 
never be more than a very small, often almost inappreciable, quantity of 
fibris in the effused fluid ; if we further consider that the fibrin in the 
parenchymatous juices is very often applied to the renovation or repara- 
tion of tissues, and that in morbid transudations it soon commences to 
* Path. Anat. Th. 1. S. 12-35 [or English translation, pp. 33-57. j 
2 Characteristik d. Cholera, 8. 134, 
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form the groundwork of morphological structures, we need not wonder 
that the fibrin is so often found to be absent. Most, however, of the 
dropsical transudations which depend on too aqueous a condition of the 
blood, or on a disturbance in the function of the lymphatics, appear to 
be formed without any simultaneous separation of fibrin ; at all events, 
the fact that too aqueoua4)lood is usually found to be a little richer in 
fibrin than normal blood, seems to favor the view that in this case the 
fibrin is retained in the circulating fluid. But however this may be, the 
fact elicited by Vogel remains established, that fibrinous transudations 
are far more frequent than is usually supposed to be the case, trusting to 
ocular examination alone. 

The physical and chemical prAperties of the fibrin occurring in trapsu- 
dations perfectly coincide in all essential points with those of the blood- 
fibrin ; the peculiarities which the transudation-fibrin presents, are solely 
based on the physical and chemical relations under which it is separated, 
as in the case of the fibrin of the lymph and chyle, to which reference 
has already been made : the chemist can lay down no such differences as 
“ a fibrin infiltrated with serum,” a croupous or aphthous fibrin, or a pseu- 
dofibrin. The fibrin occurring in transudations most frequently coagu- 
lates in the form of those soft gelatinous masses which appear infiltrated 
with scrum, or to which we apply the name of pseudofibrin. We know 
(see vol. i. p. 580) that this form of coagulation is entirely dependent on an 
excess of water in the fiuid in which the fibrin was previously suspended ; 
and hence we should wonder why this form of coagulation is not fai*more 
frequently found in the dead body than is actually the case, if we did 
not know that the fibrin is usually extremely slow in coagulating in Tim 
fluid which transudes in the living body, and that in consequence of the 
continuous motion in the cavities «of the pleura, the pericardium, and 
the peritoneum, a flocculent coagulum somewhat resembling whipped 
fibrin must be formed. Moreover, if w'c take a chemical view of the 
subject, we cannot accept the idea of a peculiar morbid fibrin ; the pe- 
culiar forms in which fibrin coagulates in certain morbid processes, and 
which have led to this assumption, are entirely dej^endent on the condi- 
tions under which the coagulation of the fibrin takes place. • However 
accurately wo observe the different forms of fibrin in the varieties of 
morbid exudations, and however important may be the observations re- 
garding the capacity for organization or the disintegmtion of one or 
other form of coagulation, that part of the exudation which is actual 
fibrin is not to be distinguished in a chemical point of view from the 
fibrin of the blood. Neither in croupous nor aphthous, nor in any other 
fibrinous exudation, have I even once found a fibrin which in its micro- 
Bcdpi co-chemical or purely chemical examination has proved to bo essen- 
tially different from the ordinary fibrin of ihe chemists ; amongst other 
things it may be mentioned, that the one nbrin, like the other, was dis- 
solved after a longer or shorter digestion in a solution of nitre, into 
albuminous coagulable substance ; there was merely a difference of the 
time in which the change was completely accomplished ; and the time 
was generally almost in a direct proportion to the coherence of the co- 
agulated fibrin. (The exudation-fibrin was, of course, not digested in a 
solution of nitre until the mechanically comminuted and washed exuda- 
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tion-coagiilum no longer contained a trace of any substance coagulable 
by boiling or by acetic acid.) In many transudations, especially those 
in serous membranes (in the fibrinous dropsies of Vogel), the fibrin is 
hold in solution, and does not coagulate till the fluid discharged by para- 
centesis has been for some time exposed to the action of the air ; more 
than an hour often passes before coagulation takes place ; and sometimes 
■we may observe the formation of a coagulum in these fluids after they 
have stood from 10 to 24 hours (Schwann and Magnus,* Delaharpe,® 
Scherer,® Quevenno).'* Moreover, this fibrin docs not difier chemically 
from blood-fibrin ; we know also that a “fibrin of slow coagulation” may 
occur in the blood, of which Polli* has given numerous examples. We 
certainly cannot always state with accuracy in individual cases what it is 
that impedes the coagulation, but the causes are generally much the 
same, namely, moderate attenuation -nuth water, an excess of alkaline 
salts, abundance of carbonic acid, &c., which, jis we have already seen in 
vol. i. p. 677), more or less impede the separation of the fibrin. More- 
over, the chemical reactions presented by this fibrin are precisely the 
same as those of ordinary fibrin. 

If wo should suppose that the question, whether or not the fibrin in 
these pathological efiusions is of a different kind, could be decided by 
elementary analyses, we should be very far from the truth ; for, as in all 
experiments of this nature, we should find differences enough, but they 
would dqpcnd upon the impossibility of our obtaining such substances as 
fibrin* in a state of chemical purity, and fit for an elementary analysis ; 
we need not here repeat what has been already stated (in vol. i. p. 316) 
redirecting the unfitness of fibrin for ultimate analysis, and (in vol. i. 
pp. 39 and 40) regarding the general cautions requisite in such cases. 

With regard to the quantity of fibtin which -we find in transudations, 
it is obvious, from what has been already stated, that it presents very 
great differences, although it is always somewhat less than that of the 
corresponding blood-plasma. This obviously only holds good with regard 
to fresh transudations ; for when they have existed for some time in the 
living body, they ms^y»on the one hand be found to have been deprived 
of a great ^art of their water, or the fibrinous coagulum may have already 
passed into a state of cell-formation — an object to which other substances 
in the iransudation, besides the fibrin, may be applied ; in these cases 
wo certainly mdht with far more fibrin in the transudation than in the 
liquor sanguinis, if we calculate as fibrin all undissolved or insoluble 
matters. ' 

No fibrin can be detected in those normal transudations which accu- 
mulate in some quantity in the animal body ; aS for instance in ^the 
moisture of serous saesf the aqueous humor of the eye, the tears, the 
liquqr amnii, certain dropsiipal effusions, hydatids, cutaneous vesicles 
(whether artificially excited or consequent on a skin-disease), or in 
secretions from the intestinal capillaries, as in the diarrhoea arising from 
catarrh or drastic purgatives, or accompanying cholera. 

Those morbid secretions which are consequent on an acute inflamraa- 

• Miiller’a Arch. 1888, S. 96. * Arch. g^n. de Mdd. Juin, 1842. 

f ® Unierfiueb. x. Pathol. S. 106 u, 110. ^ Journ. de Phariu., Nov. 1837. 

^ Nckstein’s Handbibl. dcs AusL Heft. 4, 8, 25-82. 
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tory process, and are accompanied by laceration of the capillaries and 
ulceration, have no claim to be reckoned amongst the transudations, see- 
ing that they are not the products of a simple transudation ; these are 
often very rich in fibrin, but in regard to their general constitution and 
certain of their constituents, they essentially difier from the simple 
transudations. 

Like the fibrin, the albumen occurring in transudations is the same 
as we find in the blood and in other places ; the difference which it ex- 
hibits in regard to the character and form of its coagulation are entirely 
dependent on the relations to which we have often alluded, and which are 
fully discussed in vol. i. pp. 295 and 297. Thus, in many physiological and 
pathological transudations, we find that casein-like albumen, which does 
not coagulate on heating, is precipitated by dilute acetic acid, and sepa- 
rates in the form of a superficial colorless membrane when its solution is 
evaporated; we need h.ardly repeat that this body is albuminate of soda, 
and possesses pone of the essential characters of casein. Although 
casein has been often asserted to be a constituent of such transudations, 
and has even recently been declared (by Panum*) tp be a normal con- 
stituent of the blood, I have never succeeded in finding any substance of 
this nature in such fluids excepting albumen rich in alkali. 

In the normal transudations, as for instance in the liquor pericardii, 
in the fluids of the cerebral and spinal membranes, the liquor amnii, 
and all those fluids which contain only little albumen, we cai\ always, 
with a careful examination, detect albuminate of soda ; and the siimo fe- 
mark applies to the fluid contained in the bullse of pemphigus, and to 
the intestinal dejections in cholera. On the other hand, we occasionalTy^ 
although rarely, meet with transudations from which all the albumen is 
precipitated on hejiting, in the fornf of small flakes ; and those are still 
more rare which become very turbid on the addition of water, and gra- 
dually deposit a sediment of pure albumen ; almost all albuminous transu- 
dations become, however, slightly turbid when very much diluted with 
water. Scherer® has especially directed attention to transudations 
of this kind ; they are generally such as were nofsiibrnittcd to analysis 
till long after their separation, or such as are found in certkin morbid 
processes, in which the alkali of*the blood is diminished or has been 
saturated by the occurrence of an acid. It follows from these experi- 
ments of Scherer’s, that the mere chemical analysis of transudations is 
in itself of littlo scientific value ; and if we would draw any conclusion 
regarding, the pathologico-chemical process from such an analysis, it is 
imperatively necessary that we should simultaneously institute a compa- 
tive analysis of the blood of the patient from whom the transudation 
was obtained. This is, moreover, one of the reasons why so very few of 
the analyses of morbid products at presenban our possession can be ap- 
plied to any scientific purpose. 

The quantity of albumen in different transudations is extraordinarily j 
variable ; in some transudations, the amount is so small that some obser- 
vers have believed it to be entirely absent, as, for instance, in the tears, 
in the aqueous humor of the eye, in the liquor amnii (in the last stage of 
pregnancy), in the fluid ip the lateral ventricles and the spinal canal (in 

' Arch. f. pathol. Anat. Hd. 3 , S. 251-264. ^ Pathol. TJntersuchaogcu. S. 78. 
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the normal and in the dropsical state), and in the fluid of the cellular 
tissue in oedema of the extremities. If, however, albumen is never en- 
tirely absent in these fluids, its amount in other freshly transuded fluids 
never reaches that contained in the serum of the blood. It now becomes 
a question, whether there are any conditions inducing a more copious or 
a diminished transudation of albumen through the walls of the capillaries, 
BO that certain general rules, if not laws, can be established, in accordance 
with which there may be an augmentation or a diminution of the albu- 
men in the transudation. 

The following is one of these rules : — The quantUtf of alhumen con- 
tained in a transudation is dependent on the system of capillaries^ 
through which the transudation occurs. We are indebted to the admi- 
rable investigations of C. Schmidt* for our knowledge of this rule, which 
is equally important in the elucidation pf the mechanical metamorphosis 
of matter, and in the explanation of morbid processes ; and at which he 
arrived by a series of carefully conducted parallel analyses of normal 
and abnormal transudations. Schmidt assumes, that the transudation 
from every group of capillaries contains a definite and constant quantity 
of albumen. He found the transudation in the pleura to be richest in 
albumen (== 2‘852) ; that in the peritoneum considerably poorer (— 
I'lSg) ; that within the cranial membranes yet more deficient in this con- 
stituent (0-6, or at most 0*88) ; and that of the subcutaneous cellular 
tissue tlje poorest (— O'SGg). Schmidt found this proportion of the albu- 
mon^to the effused fluid in the transudations of one and the same individual, 
who was suffering from Bright’s disease ; and he conv^ced himself by 
‘fitrther investigations regarding the normal transudation of the cerebral 
capillaries and hydrocephalic effusions, that not only does the quantity of 
albumen always remain tolerably eqhal when there is an excess of the 
transudation, but also, when, ‘after the removal of older effusion, a new 
transudation occurs through the same capillaries. In the normal cerebro- 
spinal fluid of a dog, Schmidt found 0*248 of organic matter ; in chronic 
hydrocephalus of a child, at the first and at a second paracentesis, 0*1568 
and 0*1798, and in acute hydrocephalus 0*378? 0*6498, »od 1*0408 ; in a 
pleuritic tiransudation, obtained by paracentesis, 2*618 5 in that obtained 
after death from the same person, 2*868 J in the first peritoneal transu- 
datiouf obtained by paracentesis, 0*3658 > i** *^6 second, from the same 
person, 0*8958.‘ I collected 33*8 grammes of transudation from the peri- 
cardium of a perfectly healthy criminal within three minutes after his de- 
capitation; it contained 0*8798 of albumen, with 0*0938 of other organic 
matter, and 0*089-8 of salts. In the fluid, in a case of hydropericardium ex 
vacuo (in pulmonary tuberculosis), I found 1*5488 of albumen. In ex- 
amining the dropsical transudations in the dead body of a drunkard with 
true and well-developed grai^lar liver, I found, in the fluid of the peri- 
cardium, 1*0638 albumen ; in that of the plenr^ 1*8528 > io that of 
the peritoneum, 1*0448; and in. that of the' cerebral ventricles, 0*5648. 
In a peritoneal transudation, in a case of cancer of the liver (where the 
liver extended two inches below the navel), I once, found 4*3518 of albu- 
men, besides 0*5988 of extractive matters, and 0*8900 of salts; while, on 
the other hand, in hydrsemia (consequent on ^chronic ulceration of the 

' Cbarakteristik der Cholera. S. 146. 
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follicles of the large intestine), I have found only 1-1278 of albumen, 
with 0-448g of extractive matters, and l*014g of salts. In the transu- 
dation from the cerebral capillaries, in hydrocephalus ex vacuo (cerebral 
atrophy in an old man),. I found 0'144£ ; in congenital hydrocephalus, 
0'012g ; and in hydrocele, 6*283g, 4*982g, 4'055g, and 3'410g of pure 
albumen. > 

Without quoting any additional results obtained cither by myself or 
under my superintendence, and some of which support, while others are 
opposed to the law which Schmidt has attempted to establish, I will 
merely give a few numbers obtained by other chemists ; in an effusion 
within the cerebral ventricles Berzelius* found 0'166g, Mulder 0*055g, 
and Tennant 0’3038 of albumen ; in a transudation within the perito- 
neum, V. Bibra® found 2’9g, Vogel* 8‘3g, in one case and only 0‘09g in 
another, Dublanc (like v. Bibra^ 2*9g, Marchand 0‘238g, and Simon* 
0-84 }{ of albumen ; in a case of hydrocele the last-named chemist found 
4'83g and v. Bibra 4'88, and in oedema of the feet Simon found 0*70g 
of albumen. 

If wo compare the results of different analysts, it might seem at first 
sight that they are opposed to Schmidt’s postulate, that the transudation 
of each individual group of capillaries has a special and a constant com- 
position ; but a closer examination of the relations accompanying these 
transudations renders it tolerably evident that this proposition is unques- 
tionably established, but that, like all natural laws, it is modified in its 
results or actions by other valid laws, and that thus its direct recognition 
is not very obvious. We can, therefore, only demonstrate this proposi- 
tion when we compare with one another the simultaneous transudatiods^ 
of different capillary under identical coiiditions. We ^hen cer- 

tainly find that the relative quantity of albumen is tolerably equal in 
the different transudations, ]}ut we must not hence conclude, as Schmidt 
seems inclined to assume, that the quantity of albumen in the transuda- 
tion of each group of capillaries is, under all conditions, represented by 
a definite number ; for different conditions may come into play, which 
exert an influence on the composition of the transudj'tion. The transu- 
dation is not the result of merely a single factor ; it depends not only 
on the thickness or the delicacy of the capillaries, but on the rapidity 
of the current of blood, and on the constitution of the blood ,itself. 
Even if there wore not sufficient positive facts to establish the position 
that the composition of the transudation from the same capillary system 
varies under different conditions, we might d priori conclude that, on 
the one hand, when the current of blood in the capillaries is very slow, 
and there is great distension of their walls, the composition of the 
transudation will be very different from what it jvould have been under 
opposite conditions, and that, on the othe^ . hand, its composition, and 
consequently its amount of albumen, will vary extremely with the vary- 
ing physical and chemical characters of the blood. 

The capillaries also appear to vary in their capacity for transudation 

' Lehrb. d. Cb. Bd. 9, S. 198. 

® Chem. UntcTsacb. verschied. Eitercrten, S. 160 u. 170. 

* Path. Anat. Th. 1, S. 16 [or English translation, p. 87}. 

* Med. Chem. Bd. S. 682 [or English translation, vol. ii. p. 498]. 
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in different stages of the development of serous membranes ; thus, for 
instance, according to Vogt and Scherer,* the liquor amnii in the human 
subject contains more albumen and more solid constituents generally 
during the early than in the last stages of pregnancy. Vogt found 
1*0778 of albumen in the fourth month, and 0*6678 after the sixth 
month; Scherer found 0*7678 in the fifth month, and only 0*0828 after 
the beginning of the ninth month; Mack found 0*370 and 0*2648 in the 
liquor amnii at the full time. Three analyses of the liquor amnii, which 
were conducted by myself, coincide most nearly with those of Mack. 

From the simple application of the few analyses which have hitherto 
been made, we may, by induction, establish the proposition, that the 
transudation will he richer in albumen in proportion to the slowness with 
which the blood passes through the capillaries. When the circulation is 
obstructed in the abdominal veins by the presence of large tumors, wo 
find that the transudations contain a larger amount of albumen than in 
those cases in which the circulation of the blood in the veins is retarded 
by lesser mechanical obstructions, such as hepatic disturbances accom- 
panied with contraction of the parenchyma of the liver, &c. When the 
disturbance in the circulation of the blood in one capillary system is so 
considerable, as is the case in inflammatory hyperaemia, the transudation 
will be far richer in albumen ; and hence we find that all the fibrinous 
transudations are on an average far richer in albumen than the so-called 
serous ones. In the fluid of acute hydrocephalus we find, that while 
thei'e is* an absence of fibrin, there is less albumen than in many other 
serous transudations, but always a larger quantity than in chronic 
diydrocephalus, &c. 

The cefnstitution of the blood forms a third condition, which exerts an 
influence on the quantity of albumevi, as well as on the general compo- 
sition of the transudations ; ♦for the poore% the blood is in albumen, 
the less of this substance will be present in the transudation. C. Schmidt 
has, however, decisively shown, with reference to the dropsical accumu- 
lations in Bright’s disease, where the blood is constantly rendered poor 
in albumen from thp quantity of this substance carried off by the urine, 
that this ' diminution, when compared with the transudations in dropsy, 
arises from other causes. In the tuansudation dependent on the me- 
chanical obstruction of the blood in the abdominal vessels, the blood at 
the same timef being highly albuminous, we find more albumen (as in 
hepatic affections, heart-diseases, &c.) than in that variety which origi- 
nates in hydraemic blood (as in Bright’s disease, cancer, pulmonary 
tuberculosis, or after copious losses of the juices, &c.) 

In considering the transudations, we must not overlook a circumstance 
to which we have elsawhere drawn attention, namely, that when the 
transudations stagnate for a prolonged period in a serous cavity, without 
being either resorbed or artificially removed, as is most frequently the 
.case in hydrocele, ovarian dropsy, and other dropsical fluids contained 
in closed cavities, the aqueous and some portion, of the saline parts arc 
in general again absorbed, so that the fluid, on examination, appears to 
.he far more concentrated, and richer in albumen, than is in general the 
cpse with such transudations. 

* ZeitBchr. f. wissenscliaftl. Zoologie. Bd. 1, S. 88-92. 
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Even if wo cannot anticipate that these pi’opositions can he fully esta- 
blished in science until they have been confirmed by further and more 
systematically conducted investigations, they yet promise to throw some 
light on this obscure department of pathological chemistry, and to aid 
in associating into one distinct scientific whole those disjointed facts 
which have been concealed amidst a mass of imaginary erases and other 
chimeras of the same nature. Perhaps we may not be too sanguine, if 
we look forward to a period in the history of pathology, when these 
three factors shall yield results from which we may establish a numerical 
equation which shall express the pathologico-pliysical process of the 
transudation. 

Although the chemical investigations of the transudations afford us 
some prospect of a nearer recognition of the mechanical interchange of 
matter in the healthy and the diseased animal body, they leave us wholly 
in the dark as to the chemical metamorphoses which these substances 
undergo during and after their transudation. This is especially the case 
in reference to those substances which are concealed amongst the ex~ 
tractive, matters; as for instance, the protein-oxides, pyin, and other 
matters which probably belong to regressive metamorphosis. These ex- 
tractive matters consist to a great extent of a substance which is soluble 
in water, but insoluble in alcohol, and which may be precipitated by 
basic acetate of lead. It resembles Mulder’s tritoxide of protein, but 
exhibits a different composition when it is present in sufficient quantity 
to be submitted to an elementary analysis. The same is the case' with 
the substance which is precipitable by acetic acid, and very frequently 
occurs in the older transudations. It seddom possesses the propei ty, 
ascribed by Guterbock to pyin, of being, soluble in acetic acid, but when 
we succeed in separating it fronf the albumen which is simultaneously 
precipitated by the acetic ^cid, and otharwise purifying it, it exhibits 
such a difi’erent composition, that we cannot even decide from the analysis 
whether or not it is a product of the oxidation of protein. This sub- 
stance does not occur in fresh transudations. 

The extractive matters are generally present in larger quantities in the 
transudations than in the corresponding intercellular fluid or serum of the 
blood. They are commonly moreknumerous in the older stagnating fluids 
than in those which have been more recently separated, and are relatively 
less considerable in the fibrinous than the serous tranifudations ; whilst 
in the serum of the normal blood the ratio of the albumen (without fat) 
to the extractive matters is as 100 to 5, it is as 100 to 8 or even to 16 
in fresh fibrinous transudations, and in fresh serous trai .udations-it is 
as 100 to 12 or even to 30, and in the older serous ones, as 100 to 42, 
or even to 86. Prom hence we might conclude that these substances 
transude from the blood into the cavities in larger quantities than the 
albumen, and this is proved to be the case by the analyses of normal 
transudations, as for instance, of the fluid within the peripardium, the 
cerebral and spinal fluids, the liquor amnii, the tears, and the aqueous 
humor, in which the ratio rises to 100 ; 300 ; indeed the quantity of 
albuii ^n may be so much diminished as scarcely to be quantitatively 
determinable, although its presence may be qualitatively proved by the 
ordinary tests for the u,lbuminates, as for instance, by Millon’s (see vol. i. 
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*p. 290). In general, however, the extractive matters present great varia- 
tions in quantity, partly because they are somewhat increased* by the 
chemical treatment employed for the albuminates, and partly because 
they stand in very various relations to the quantity of water transuded, 
either owing to the constitution of the blood, or to the peculiar structure 
of different systems of' capillaries. Then, too, it must be borne in mind, 
that in the older originally fibrinous transudations, in which morphologi- 
cal formations have been developed, one portion of the albumen passes 
into these, whilst another part is converted into extractive substances, 
which may therefore be both relatively and absolutely augmented in the 
analysis. Hence it would be superfluous to give the various quantities 
of extractive matters assigned by our analyses to these transudations. 

Scherer found in a dropsical ovarian fluid a “ modification of mucin,” 
precipitable by water and acetic acid. I have three times observed a 
similar body in the fluids of hydrocele. 

Mack found 0*993 and 0*913 of extractive matters in the liquor amnii 
at the full term of pregnancy, Scherer only 0*063 ^.t the same period, 
but 0*7243 in that of a foetus in the fifth month. 

We find only small quantities of neutral saponifiable and saponified 
fats in the transudations ; but even here the nature of the capillaries 
through which these transudations pass is not without some influence, 
for the fluids of the capillaries of the cerebral membranes, of the peri- 
cardium, of the subcutaneous areolar tissue, as well as of the aqueous 
humol*, are very poor in these substances ; although here also, in certain 
pathological' cases, they are often increased relatively to the albumen; 
biiif this is only the case when the fluid in question is very deficient in 
albumen. In transudations which arc richer in albumen, the relation 
between the saponifiable and saponifieli fats differs little from that exhi- 
bited in the blood. We find, however, from more exact comparison of 
the individual analyses, that the capillaries must possess a greater per- 
meability for these fats than for the albumen. Thus, for instance, the 
amount of fat in the solid residue of fibrinous transudations is always 
somewhat greater th^that in the solid residue of the intercellular fluid 
of the blood ; and this probably contributes in some degree to the plasti- 
city of the transudations, to the formaJtion of pus-corpuscles, &c. The 
liquor qjnnii forms an exception to the general experience on this point ; 
for in the latter nnonths of pregnancy, when its albumen is diminished, 
it becomes very rich in fat, and indeed has been found to be actually 
turbid from the presence of fat-globules : this fat is, however, not a pro- 
duct of secretion of the amnion, but is secreted by the sebaceous glands 
of the foetus ; in fact it is a portion of the vernix caseosa. Mack* found 
0*125 and 0*0183 of f**'* in the liquor amnii, and I found 0*098g at the 
full period. 

The non-saponifiable fats or lipoids, cholesterin and serolin, usually 
gpeur in trapsudations in far larger (quantity than the true fats : choUs- 
tcrin is especially found in the fluid of ovarian dropsies, and even 
oftener in the fluid of hydrocele, in such quantity that these transuda- 
tiQUS present the appearance of opaque fluids in which glistening 
naqreous bands of crystals may be seen on agitation, or even occur as a 

* HeUer’8 Arch. ' Bd. 2, S. 218-224. 
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soft semi-fluid mass of cholosterin. As a general rule, transudations,* 
and especially those of a normal character, are by no means so rich in 
cholesterin as to admit of a quantitative determination of this consti- 
tuent ; but from the microscopic examination of the ether-extract even 
of normal transudations, we may arrive at the certain conclusion that 
the amount of cholesterin in the fluid cither exceeds, or at all events 
very nearly reaches that of tlic true flits. The capillaries.gcnerally have 
the power under certain, not yet accurately determined, conditions of 
allowing the transudation of cholesterin in larger quantity than other 
substances ; for it is not only in the above-mentioned cases of dropsy 
that we find accumulations of cholesterin ; the choroid plexus of the 
brain, which secretes a fluid that is very poor in fibrin, is not unfre- 
qiicntly found to be covered with an entire crust oflminute plates of this 
lipoid ; and how many analyses are there of the transudations into the 
peritoneum and pleura, in which the quantity of cholesterin has been 
noted as strikingly great ! Indeed we might almost believe that the 
walls of the vessels possess a peculiar attractive power for the cholesterin, 
when we reflect on the atheromatous process which is so common in the 
artei'ies, if these accumulations of cholesterin cannot be more simply 
(even if not completely) explained by the circinnstance that water, albu- 
minous substances, and salts, are more readily absorbed from the 
transuded fluid by the lymphatics, or some other means, than the choles- 
terin, or that by a process of partial absorption its solvent is taken up 
and removed, and that it is thus compelled to separate » solid 
crystalline form in the cavity in which the transudation occurred. 

In a hj^drocele-fluid, which formed a tolerably consistent pulp^I 
found 3*041 of pure cholesterin (amounting to 38*202[{ of the solid 
residue), and in another fluid of tihe same nature 1*5(59 ; Simon,* in a 
similar case, found 0*84 [J of cholesterin, '^uth a little olein and margarin. 

Sej'oUn^ which forms hbxagonal or rhombic tablets, whose crystallo- 
metric determination has been given in the first volume, and which may 
be so readily distinguished from cholesterin and crystallizable fatty acids 
by its peculiar shape, always occurs with the cholesterin in the transu- 
dations, but seldom in any considerable (quantity. 

Since Pettenkofer’s discovery of his admirable test for the detection 
of the resinous acids of the /u7c,*many chemists who have investigated 
morbid transudations have met with these substances in^dropsical fluids ; 
and it was only to be expected that these substances, if they occurred 
in the blood, should also simultaneously pass into the transudations. In 
every case in which I have hitherto examined dropsical effusions de- 
pendent on affections of the liver, I have found in the alcoholic extract, 
if it has been previously extracted with ether, and usually also in the 
ether-extract, substances which gave the well-known reaction very dis- 
tinctly and rapidly, so that they could not be confounded with olein. In 
dropsy from heart-disease (without any secondary affectioti of the live^ 
or from Bright's disease, I never succeeded in detecting these biliary 
matters. On the other hand, I was much surprised to find unquestiona- 
ble traces of the resinous biliary acids, together with large quantities of 
cholesterin, in two cases of hydrocele, when neither by physical exami- 

‘ Medio. Ckem.*’Bd. 2, S. 682 for English translation. toI. 2, p. 4951. 
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Elation of the patients, nor from the history of their cases, could I detect 
any evidence of an existing or previous hepatic affection. This ^rcum- 
stance must remain unexplained till further investigations are instituted. 

I must not altogether omit to mention, that from the alcoholic extract 
of the liquor amnii, and still more from that of the vernix casoosa of an 
infant that had gone its full time, I obtained a substance which, although 
precipitable only by basic acetate of lead, gave no biliary reaction with 
sugar and sul^mric acid : the ammonia-salt of .this acid crystallized 
under the microscope in broad plates. 

That bile-pigment passes into the trahsudations, both normal and 
morbid, in cases* of icterus, was long ago inferred from the characteristic 
color of such fluids, and has subsequently been placed beyond a doubt 
by chemical experiments. It is, however, remarkable that in the two 
above-mentiohed cases of hydrocele, in which resinous biliary acids were 
found, traces of bile-pigment were also present, besides a very large 
amount of cholesterin. Its presence might have been very easily esta- 
blished with certainty, but it was not rendered perceptible until a pai’t of 
the albumen had been precipitated from the fluid by acetic acid, when, 
on boiling, there was formed a green coagulum, and the supernatant 
fluid appeared of a somewhat deep-green color. 

Heller has arrived at similar results in his investigation of various 
putrid, purulent, sanguineous hydrocele-fluids ; but he also found uric 
acid, urea, margarate of soda, and glycocholatc of soda in abundance. 

It has been already mentioned (in vol. i. p. 258) that sugar is found 
in the serous exudations in diabetes, in the same manner as bile-pigment 
in ^terus. After the discovery of this substance in healthy blood, it 
might be expected that it would likewise occur in the ordinary transu- 
datious, but there is no direct proof that this is the case, since the 
quantities which we obtain for analysis are generally too small to allow 
of any accurate search for suga*r. • 

In a kilogramme and a half [or nearly three pints and a half] of the 
peritoneal transudation of a drunkard with granular liver (a quantity 
which would have been quite suflicient for the determination of sugar, if 
it had Been present in fhe same proportion as in normal blood-serum), I 
sought in vain for this substance ; but after w^t has been already re- 
marked (see vol. i. p. 483), regarding tlfc formation of sugar in the liver, 
it is probable th^t the production of sugar is interfered with in cases 
of hepatic disease, which might account for its not being found in this 
case. ' 

We have already spoken (in vol. i. p. 154) of the occurrence of urea 
in normal and excessive transudations. Since this substance has been 
found oven in the aqueous humor as well as in the liquor amnii, and has 
also been detected by C. Schmidt’ in the fluid exudation in a case of 
chronic hydrocephalus in which no renal disease was present, we might 
fairly assume that it occurs in the circulating blood, and escapes through 
i!he walls of the capillaries in these parts with the water and other sub- 
stances which permeate easily, and is then found in the exudations in a 
quantity corresponding to the amount of urea in the blood ; indeed, if 
tne functions of the lymphatics were disturbed, it might even accumu- 

> Chsrakterutik der Cholera. S. 124. * 
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late in larger quantity, since in all probability it passes through thfe 
animal membranes far more readily than other organic substances, or at 
all events as easily as the alkaline salts. Hence the reason why it is so 
frequently met with in the transudations in renal affections is simply 
this, that under these circumStances it accumulates in the blood in much 
larger quantities than usual, and such as admit of being easily detected. 

Marchand* once found 0'42{{ of urea in a peritoneal effusion in a 
woman, which contained 4*78 g of solid constituents. 

Since urea is often found in such large quantities in the exudations 
from the capillaries, we should naturally expect that the other products 
of retrograde metamorphosis (whether as yet detected or not in the 
blood), as for instance, hippuric acid, creatine, uric acid, &c., would also 
occur there ; but these, and such like substances, have at all events not 
as yet been recognized in such fluids by any analyst. It is more than 
probable that creatine occurs in the liquor nmnii, for Scherer obtained 
from it, by means of chloride of zinc, a substance very similar to Pet- 
tenkofer’s creatine and zinc compound. 

In addition to the salts formed by the combination of the alkalies with 
fatty acids (the soaps), the transudations likewise contain other organic- 
acid salts ; the alkali in them is certainly for the most part in combina- 
tion with the albumen, but, as has been already mentioned, we sometimes 
find no albuminate of soda in the transuded fluid, and yet the ash is rich 
in alkaline carbonates : indeed, every transudation, if it only contains 
this alkaline albuminate, also contains other compounds of alxalies with 
organic acids, which dissolve readily in spirit, and impart to the alco- 
holic extract its well-marked hygroscopic properties. If the spirituQUB 
extract has been freed as completely as possible from fat and fatty 
acids, we yet always obtain carl^nates on incineration. But what the 
acid is, and whether there are more acids than one, are points which 
cannot be determined in "consequence oT the small quantity of the sub- 
stance or substances in question in the transudation, and even in its solid 
residue. We should be soraew'hat inclined to believe thafr this dcid in 
combination with an alkali might be lactic acid^ since this acid must at 
all events pass from the muscles into the blood,* and mui^ likewise be 
conveyed to the blood by the process of digestion. Those disturbances 
of the circulation on which excessive transudations depend, are usually 
associated with a diminished interchange of gases in the lungs, *and con- 
sequently a less regular oxidation of the combustible constituents of the 
blood : hence it is very probable that under such conditions alkaline 
lactates make their way through the capillaries in excessive quantity, 
and that the absolute and relative augmentation of the alcoholic extract 
(as well as of its ash) in the transudation, as compared with the blood- 
serum, depends on its larger quantity of lactafes. If the blood becomes 
acid, as Scherer* has shown to be the case in many forms of puerperal 
fever, it il very natural that the transudations should also contain a free 
acid ; in these cases, Scherer has convinced himself, by direct analysiB, 
of the presence of lactic acid. In a transudation of this nature he found 
0*1058 of free hydrated lactic acid. 

We do not meet with true acid transudations, except when the blood 

' Journ. f. pr. Ch. Bd. 11, S. 468. * Untersnoh *. Pathologic. S. 147-194. 
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previously contains a free acid ; for, in the first place, it is improbable 
that the walls of the capillaries should, during the act of simple transu- 
dation, possess the power of decomposing the salts of the blood into 
acids and bases, and that they should allow only of the transudation of 
the former ; in the simple tranmdations no supplementary development 
of free acid appears, however, to occur ; it is only when suppuration and 
similar processes have taken place in exudations that the fluid is observed 
to have an acid reaction ; indeed, it is generally dependent on a process 
of fermentation set up in the fat. 

Simon* once examined a specimen of the fluid of pemphigus which had 
a strong acid resuetion ; he considered the free acid to be the acetic, in 
consequence of its apparent volatility ; this was doubtless an uncommon 
condition ; the fat, in this case, as in ordinary pus, may undergo butyric 
fermentation ; for all vesicular cutaneous eruptions, whether they are 
produced artificially by vesicants, or are the natural morbid phenomena 
of pemphigus, herpes, or eczema, have an alkaline reaction, and contain 
albumen, as AndraP had formerly observed, and belong to the simple 
transudations. It is only the vesicular cutanebus eruption, which is 
known as sudamina, which invariably presents an acid reaction ; it, how- 
ever, does not arise, like the other vesicular eruptions, in consequence 
of local congestion ; the fluid witliin the vesicles in sudamina contains 
no albumen, and hence is not to be classed amongst the transudations. 
We shall return to the causes of this acid reaction when we treat of the 
sweat., 

Heintz’ has found a crystallizable organic acid, which sublimed with- 
ou^ecomposition, and presented a very great similarity to succinic acid 
in the fluid of cysts containing echinococci (see vol. i. p. 77) ; as Des- 
saigne"* has proved that succinic acid may be formed from butyric acid 
by oxidation, we need na longer regard the occurrence of succinic acid 
in the animal organism as extraordinary. • 

It may be readily inferred from some of the preceding observations 
that the soluble mineral salts transude through the walls of the capilla- 
ries in larger quantity than any organic matter ; but a review of most of 
the good analyses of these exudations, in so far as the subject has been 
yet investigated, leads us to regard the following points as established : 
water in every case transudes in the ^eatest quantity ; the fibrinous 
transudations wh^ch approximate most nearly^ to the plasma, in reference 
to their amount of solid constituents, contain almost constantly rather 
less salts than the intercellular fluid ; while the average amount of 
mineral substances in the latter is about 0’85g, we usually find in fibri- 
nous transudations from 0-73 to 0-82g of salts. In the true dropsical 
accumulations the proportion of the salts is, however, very different ; 
such fluids contain an atnouut of salts often exceeding that which is 
found in normal blood-serum, the number sometimes rising to 0*86, or 
even to 0'96g ; here, however, the general rule also holds good, that the 
tfansudation contains rather less salts that the corresponding liquor 

‘ Med. Chem. Bd. 2, S. 679 [or English translation, vol. 2, p. 488]. 

* Compt. rend. T. 26, p. 660-667. 

* Jenaisohe Ann. d. Physiol, u. Med. Bd. 1, S. 180-191. 
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sanguinis ; for in dropsy the blood is always rich in salts, as we have 
already seen in vol. i. p. 623. In proportion to the richness of the drop- 
sical blood, so much the richer in salts is the transudation ; the latter, 
however, always contains a fraction less salts than the former. This 
proposition can only be established by a careful comparison of all the 
analyses which we at present possess ; but the careful investigations of 
Schmidt have rendered it certain that it may be regarded as a law which 
may be expressed by a general formula. Schmidt has, hovrover, further 
shown that this rule presents an exception when, simultaneously with 
the transudation in the interior of the body, there is an elimination of 
albumen externally, that is to say, when albuminuria is at the same 
time present : in that case, a larger quantity of salts, and far less albu- 
men transude through the capillaries of the peritoneum into its cavity 
than would have been the case if there were no external loss of albumen ; 
hence in such cases the number representing the mineral salts often 
equals, and may even exceed, that of the organic matters. 

A similar condition to that which Ave have just noticed may occur with 
regard to the amount of salts in the liquor amnii : in the fifth month of 
pregnancy we find, according to Scherer, 0’9258 of salts with 0*767 g of 
albumen ; the albumen is here not lost, but is otherwise applied, and 
hence the considerable and extraordinary augmentation of the salts in 
the transudation of the amnion ; towards the end of pregnancy the ratio 
of the albumen to the salts is still more unfavorable ; in tnesef cases 
there has been found only 0*37'! of albumen with 0*02g of salts, and 
Scherer found actually only 0*0828 of the former with 0*7068 of“tlie 
latter. 

The relative proportion of thc«alts in the transudations through the 
intestinal capillaries in chjolera, or in dii^rrhoea after drastic purgatives, 
is altogether peculiar ; in these transudations the quantity of the salts is 
five, or "even seven times as great as that of the albumen ; at the same 
time they are richer in water than those of any other kind ; there is 
here no direct proportion between the composition of the blood and that of 
the transudation, as in the dropsical effusions ; but we rather«observo that 
the fluids stand in an inverse re\p,tion to one another, the blood being 
poorer in water, poorer in salts, and far richer in albumen, than the 
effused fluid. (See our observations on the evacuations and the blood in 
cholera, vol. i. pages 539 and 634.) * 

The salts occurring in the transudations arc precisely similar in their 
nature to those of the intercellular fluid, and they are found in almost 
exactly the same relative proportions to one another in the transudation 
and in the blood-serum ; as in the Tatter fluid, the chlorides considerably 
preponderate over the pho8|fliates, sulphates, and carbonates, and the 
soda-compounds over'those of potash. A very important exception to 
this rule, in so far as the physiology of secretion is concerned, has beeft 
observed by C. Schmidt in the constitution of the salts which occur in 
the fluid within the lateral ventricles of the brain (the transudation from 
the choroid plexus). Whilst the transudation from the pia mater and 
arachnoid contains the salts in precisely the same proportions as occur in 
the fluids of other serous membranes, the mineral constituents here 
contain a great excess of potassium-compounds and phosphates, so that 



54 


TRANSUBATIONS. 


the proportion of the potassium to the sodium, and that of the phos- 
phates to the chlorides, approximates more nearly to that which is pre- 
sented by the salts contained in the blood-cells. .While ^according to 
Schmidt) there are contained in the salts of the transudation from the 
peripheral cerebral capillaries 2'8g of potassium with 40‘0g of sodium 
(a ratio almost identical with that which is presented by the salts of the 
serum), the salts of the transudation from the choroid plexus contain on 
an average 17*8 g of potassium, and only 27*28 of sodiuni. In the same 
manner the constitution of the transudation Avithin the lateral ventricles 
approximates to that of the blood-cells in regard to the chlorides and 
phosphates ; while in 100 parts of the salts of the serum there are con- 
tained 5*6 of phosphoric acid with 45*2 of chlorine, Schmidt found 8*9§ 
of phosphoric acid and 37*68 of chlorine in the salts in central hydro- 
cephalus. Hence the cerebro-spinal fluid is not to be regarded as a mere 
transudation or filtrate from the blood, but as a peculiar secretion in 
Avhose formation the blood-corpuscleS appear to take an essential part in 
so far as the salts arc concerned. 

We may further ycadily convince ourselves that alkaline carbonates 
are also present in the normal alkaline transudations, by placing’ fresh 
fluids of this kind which have been obtained by pavacentesif^ a vacuum, 
and as completely as possible removing the gas, then adding acetic acid 
without allowing the access of air, expelling from the serum the absorbed 
carbolic acid which has been liberated by the action of the air-pump, as 
well as by displacement with hydrogen gas, and determining it in the 
oriJjnary manner ; in short, by applying the method which P adopted 
for the determination of the combined carbonic acid in the blood. 

In cholera, and after the use of drastic purgatives, the composition of 
the salts in the transudations — that is to say, in the intestinal dejections 
— differs essentially from that in ordinary effulsions ; here, according to 
the accurate investigations of Schmidt, the compounds of chlooine and 
sodium, preponderate over the phosphates and the potassium-compounds 
even to a greater extent than in ordinary transutlations. On the other 
hand, transudations of any other nature that may accompany the cholera 
process generally present the opposite relation to the ordinary serous 
effusioiif^ ; whilst, for instance, in other ‘^oases, tlie normal as well as the 
excess!^ transudations from the cerebral capillaries contain only a small 
amount of solid constituents, in which the mineral substances preponde- 
rate over the organic in ratios varying from 5 : 2 to 17 : 4 tor from 2*5 : 

1 to 4*25 : 1), we find that in cholera the cerebral transudations are not 
only far richer in solid constituents, but that of these the organic actu- 
ally exceed those of a mineral nature ; amongst the latter the com- 
pounds of sodium and chtorine occur, howqger, in far less quantity than 
in ordinary transudations ; indeed the potassium-compounds and the 
phosphates must preponderate the more, since the serum in cholera con- 
tains far more of these cbmpounds than normal serum. Unfortunately, 
Schmidt had no opportunity of making an accurate analysis of the salts 
of the cerebro-spinal fluid in cholera, in order to prove by numerical re- 
sults the preponderance of the phosphates and of the chloride of potas- 
"sium in tms transudation. 

* 1 Berichte d. k. eachs. Gesellsch. d. Wiss. Bd. 1, S. 96-100. 
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No salti of ammonia can be detected in normal and fresh tranemdations 
obtained by paracentesis (sec vol. i. p. 403) ; and if some observers have 
believed that they ha^ found them, this was dependent on the causes of 
error to which we have already alluded. Even in several secretions of 
long standing in the tunica vaginalis testis, I was unable to recognize 
ammonia with certainty. If indeed we attach any importance to the 
analyses of fluids actually becoming putrid, we might then always find 
ammonia ; and, on the other hand, we must of necessity always find ammo- 
nia in the intestinal transudations, since the decomposition of such sub- 
stances proceeds with such extraordinary rapidity in the intestine, that 
we must altogether abstain from analyzing them, if we wait till we can 
obtain them in their perfectly pure, native state. Ammonia must, how- 
ever, be found, and indeed has been found by Schmidt in all transuda- 
tions arising from blood containing ammonia or much urea (see vol. i. 
p. G34), and hence it is not uncommonly met with in dropsical exudations 
in albuminuria. 

Finally, we may very readily convince ourselves that the transudations, 
like the animal fluids generally, contain free prases, by employing a simple 
gas-apparatus in communication with the air-pump. Amongst the mix- 
ture of gaseP'that are evolved from the transudation, carbonic acid is 
found to preponderate, although the presence of oxygen and nitrogen 
may be recognized with certainty. From determinations which can cer- 
tainly only be regarded as approximate ones, I obtained from fveslutrans- 
udations discharged by paracentesis, on an average, a less quantity of 
gas generally, but always relatively more carbonic acid than from 
fresh blood-serum of persons for whom venesection had been prescribed 
solely in consequence of plethora^ 

The apparatus which I employed for this somewhat superficial investi- 
gation was constructed in the following manner ; Two flasks are united 
to one another by glass tubes and corks ; in the lower one we place the 
fluid to be examined, and in the upper one, which is two-necked, we 
place pure almond or olive-oil ; from the lateral tube there proceeds a 
glass-tube filled with oil to the bottom of a third* Ihtsk ; thi% last flask, 
whose bottom is covered with oil, is brought in connection with the air- 
pump. On now making a vacuiftn, the bubbles of gas which are deve- 
loped from the blood rise into the upper flask (which staqds reversed upon 
the lower one), and drive the oil through the communicating tube mto 
the third flask ; if now we allow air again to enter the last flask, the oil 
is only in part forced back into the upper flask ; the bulk of the gases 
contained in it is diminished to the volume corresponding to the external 
atmospheric pressure. Since any resorption by the aqueous fluid in the 
lower flask is prevented by the oil, we may at 111 events form some idea 
of the quantity of gases which such fluids contain. 

It is unnecessary to give a special description of the different methods 
which may be devised for the qualitative and quantitative analysis of thff 
transudations, since the same rules hold here which we have fully noticed 
when treating of the “analysis of the blood” and of the individual ani- 
mal substances, in their respective chapters in the first volume. We 
may, however, be permitted to make the^single remark that here, as in- 
deed in every investigation of an animal fluid, the microscopical analysis 
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must always precede the chemical. Thus, for instance, the presence of 
blood-corpuscles would at once destroy any claim that the fluid might 
otherwise possess to the character of a pure transudation ; again, if the 
object itself be not pure, the results of the experiment must be in a cor- 
responding degree worthless. The same observation equally applies if 
vibriones and other formations which accompany putrefaction are present. 
If none of these are to be observed, wo may frequently perceive cells in 
the transudation, which resemble lymph- corpuscles or pus-cells. With- 
out further investigation, they have, however, no more claim to be con- 
sidered as pus-corpuscles, than those which are produced from mucous 
membranes ; it is only when true pus is present (and in some cases it is 
very difficult to decide this point) that the object should be regarded as 
not a pure exudation. In transudationa which contain na fibrin, the sub- 
stances in suspension, as, for instance, fat, epithelial cells, ^ cells in the 
process of development, and similar bodies, must naturally be separated 
as far as is possible from the fluid by filtration ; if, on the other hand, 
coagulated fibrin be present, its absolute quantity cannot be determined 
with accuracy ; we mijst further ascertain by microscopical investigations 
whether an excess or^^deficicncy of morphological elements bo present, 
and we must obviously* take this circumstance into considepition in esti- 
mjiting the quantity of fibrin contained in the transudation. 

The quantitative relations in which the various transudations, either 
in the nqymal or excessive state, are thro'^v'n off from the blood, are so 
various, that no general rule can be established even for each individual 
cj^illary system. They become, however, of the liighest importance in 
relation both to the mechanical and the chemical metamorphosis of 
matter in the healthy and the diseased animal body ; but here the 
amount of the transudation is only of'iiitercst in so far as the individual 
cases have reference to specfal conditions, » and may accordingly be 
applied to the establishment of a more general view. 

As in the preceding pages we have already sufficiently noticed the 
genesis of the transudation, in so far as ’vve need hero consider the gene- 
ral metamorphosis o£ liiatter, it only further remains for us to allude to 
the physiological value of the normal transudations, and the uses of the 
abnormal ones as channels for pathological processes (as after inwardly 
directed crises, &c.) ; but this is unnecessary, since the former pertains 
to purely physical physiology, and the latter are altogether beyond the 
domain of scientific investigation. 


MILK. 

This glandular secretion, which is peculiar to the mammalia, is gene- 
rally of a white, but frequently of a bluish-white color, more rarely of 
a somewhat yellowish tinge, opaque, without odor, of a slightly sweet 
taste, and an alkaline reaction. Its specific gravity fluctuates, accord- 
ing to Scherer,^ between 1-018 and 1-045, but in women is on an average 
1;032 (Simon). 

* llandworterb. der Phjsiol. Bd. 2, S. 449-475. 
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As is well known, milk, when allowed to stand for some time, exhibits 
on its surface a thick, fatty, yellowish-white stratum, the cream, while 
the fluid below has bepome poorer in fat, and has, therefore, a greater 
specific gravity than fresh milk, and has likewise a more bluish-w'hite 
color. When milk stands in a not very low temperature, it gradually 
begins to exhibit an acid reaction, remaining for some time thinly fluid, 
more especially after it has been repeatedly boiled. ' But if it has not 
been boiled, and the temperature be somewhat above the moan, and if 
there should be considerable electrical tension in the atmosphere, the 
acid will increase to so great a degree that the casein of the milk will 
be precipitated ; that is to say, the milk will coagulate, become thick*, 
and gradually be converted into a moderately thick pulp. The milk 
may be made to coagulate artificially by rennet, both when it has an 
acid as well aS an alkaline reaction (see vol. i. p. 834). When ex- 
posed to rapid evaporation, milk becomes coated with a dense white 
membrane. 

It would, of course, be superfluous to make any remarks as to the 
mode of 2iroouring ViXirmoX milk ; it must, however j^be obseiwed, that it 
frequently is extremely difficult to obtain any cojQ^derable quantity of 
milk from wo^n who are suckling. We need not, however, enumerate 
any of the well-known manipulations and methods, which are familiar 
to every practitioner, for procuring a sufficient quantity of milk to serve 
for a physical examination. The special forms of apparatus canplnyed 
for this purpose are almost all based upon the principle of rarefaction 
or suction, but none appear so perfectly to fulfil their object as the o^'e 
recently proposed by M. Lamp4rierre.* 

This apparatus is made of caoqjchouc, in the form of a mouth, pro- 
vided with lips, gums, and elastic checks, the latter being connected with 
the short neck of a small tabular retort, into which is introduced a glass 
tube, which, when necessary, receives the milk, cither by the actioh of 
the woman herself, or by the aid of a small air-pump. 

Fresh milk appears, on microscopic examination, as a clear fluid, in 
which fat-globules, the so-called milk-glohules, are suspended, as in an 
emulsion. 

These milk-glohvlcs differ considerably in size. The mfijority have a 
diameter of from 0’0012'" to 0*0018"'; and although i-hey are*rarely 
found to measure 0*0038"' in fresh milk, Hcnle states that he has found 
them to be 0*014"' ; and, according to Raspail and Donnd, they are 
even sometimes 0*044'". , 

When examined under the microscope, without the addition of any 
chemical reagent, these globules exhibit no trace of any investing mem- 
hrancy althgugh its existence may very readily he demonstrated beyond 
all doubt, in two different ways. One method, which was suggested by 
Henle,* consists in observing, under the microscope, the action of diluted 
acetic acid on the milk. The milk-globules exhibit changes of form 
under these circumstances which they could not possibly experience if 
they were mere fat-globules, for they become much distorted, some ap- 
pearing caudate, and others biscuit-formed. From the greater number 
there escapes a small drop, which appears almost like the nucleus of a 
' Compt. rend. T. 30, p. 219. * Allg. Anat. S. 942. 
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larger globule, and is soon displaced by another small fat-globule, which 
emerges from the milk-globule, and either combines with the larger glo- 
bules, or is only made to project in such a manner, that the milk-globule 
exhibits a faint resemblance to a fermentation-fungus in the process of 
development. When treated with a less diluted acetic acid, the milk- 
globules become confluent. Mitscherlich’s^ method, which we described 
in detail in vol. i/ p. 341, proves, in even a more distinct manner, the 
presence of a membrane round the milk-globules. 

Occasionally also the milk exhibits certain morphological elements, 
which, from their invariable presence in colostrum (the first milk yielded 
after delivery), have been termed colofttrum-corpuiclea (the corps granu- 
leux of French physiologists). They are irregular conglomerations of 
very small fat-globules, which are held together by rneaias of an amor- 
phous, somewhat granular substance. Their diameter varies, according 
to Henle, from 0‘0063'" to 0‘0232'", but may be considered on an 
average to be about 0*0111'". The fat-granules of these masses are 
more easily dissolved by ether than those of the milk-globules ; acetic 
acid and potash dissolvfi the granular combining substance, and scatter 
the fat-globules : an*i^^eous solution of iodine imparts an^intense yellow 
color to the colostrum-corpuscles. There can, therefor^? be no doubt 
that these molecules are merely very small fat-globules imbedded in an 
albuminous substance. There is no appearance either of a nucleus or 
of aQ investing membrane. 

These molecules generally disappear on the third or fourth day after 
^glivery, although they have been found as late as the twentieth day in 
perfectly healthy women. As a general rule, however, these corpuscles 
return whenever any disease supervenes after delivery, or in case the 
mother is attacked by any acute afiection. 

In all cases in which I efamined the milk of women shortly after 
theh* confinement, or of nurses who were suffering from any acute disease, 
such as inflammations, acute exanthemata, typhus, &c., I always found 
colostrum-corpuscles, and, in addition to these, true granular cells, 
having a microscoj^rically and chemically demonstrable investing mem- 
brane, an(f frequently also an obvious nucleus ; the granules of these 
“inflammatory globides” were tolerably largo, transparent, and rich in 
fat, reSemblingJ^hose which are so commonly observed in the grayish- 
black sputa of chronic catarrh (in the emphysema of old persons). 

Epithelial cells and mucus-corpuscles are only incidental admixtures 
of the milk, and are, therefore, more fjjequently observed in morbid 
affections than in the normal condition. 

Fibrinous coagula only occur when the milk contains blood. 

Blood-corpuscles hav% rarely been found in the milk, a^d are only 
present in it in abrasions of the nipples, or in similar affections. 

Infusoria^ or some of the lower forms of vegetation^ are occasionally 
* found in cows’ milk, especially in the so-called blue~milk. 3. Fuchs* 
refers this coloring of the milk to tho presence of an infusorium, which 
he terms vibrio oyanogenous but Bailleul* ascribes it to a byssus. 

My observations on this subject are limited to the ordinary manner in 
** OSschen’s Jahresber. Bd. 2, S. 19. 

* Handworterb. d. Physiol. Bd. 2, S. 470. *Compt. read. T. 17, p. 1188. 
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■wliich the milk acquires this blue color. When freshly drawn, the fluid 
is generally perfectly white, asuming this peculiar blue shade of color on 
the formation of the cream, which exhibits pale blue specks, extending at 
first scarcely half a line deep, and appearing in detached groups upon 
the surface of the otherwise white fluid. These specks become darker, 
and gradually increase downwards and laterally, until they commingle. 
The curd which separates from the cream is colorless, and the bluish 
cream contains rod-like, colorless vibriones, similar to those described by 
Fuchs. I only once observed a distinct formation of byssus. 

We have already become acquainted with the most important chemical 
constituent of the milk in our considerations of the organic substrata. 
This is especially the case with casein and milk-sugar, which have already 
been very fully treated'of, not only in reference to their chemical properties, 
but also to their occurrence in variable quantities under different physiolo- 
gical and pathological conditions (vol i. pages 263, 340). Knobloch* in- 
stituted a series of experiments upon one and the same cow in reference to 
the constitution of the milk at different seasons of the year, and according 
to the length of time during which each milking waacon tinned. From these 
observations it^would appear in reference to the llifidUnt of casein in the 
milk, in the fi^ place, that its quantity is greater towards the close than 
at the beginning of each individual act of milking, whilst the quantity of 
water decreases ; and in the second place, that the milk is poorer in 
casein on winter than on summer fodder. In winter the amount of casein 
and of salts insoluble in spirit rose during the milking from T'OTJJ to 
7'08g, whilst in summer it varied from 8*40g to 8-678. remains, 

however, for us specially to notice the third organic constituent of the 
milk, namely, the /at or butter. The fat of women’s milk has not yet 
been subjected to any exact qualitative analysis, but the butter of cow’s 
milk has been carefully analyzed by Che^reul,* and more recently by 
Bromcis® and Lerch."* Pure milk-fat is almost colorless, or at most is but 
faintly yellow ; after being melted it solidifies at -f- 26®-5. It becomes 
soft and greasy at a temperature exceeding + 18“. One part of this fat 
dissolves in 28*9 parts of boiling alcohol of 0-822 '8p< gr. It easily be- 
comes rancid on exposure to the air, and then forms volatile fatty acids ; 
hence it imparts a somewhat reddish color to moist litmus paper, even 
when in a comparatively fresh state. It is perfectly saponifiable, and 
yields, in addition to glycerine, margaric, oleic, capric, caprylic, caproic, 
and butyric acids, or in place of the two latter, vaccic acid (vol. i. pages 
62-74). Bromeis calculated the composition of butter, from the quantity 
of the acids which he obtained from it, as equal to 688 of margarin, 308 of 
olein, and 28 of true butter-flat ; but this calculation affords only an ap- 
proximate representation of the composition of* the milk-fat, since its 
constituents appear to vary considerably under different physiological 
relations. 

The quantity of fat contained in milk appears to vary very conside- 
rably, for Simon* found in women's milk from 2-58 to 3*888 butter ; 
Clemm® and Scherer found on the fourth day after delivery 4*2978> on 

> Kunst und Gewerbeblatt f. d. k. Bayern, 1861, S. 144-147. 

* Recbercheu but les corps gras. Paris, 1822 * Ann. d. Ch. u. Pharm. Bd. 42, S. 40 ff. 

* Ibid. Vol. 49, p. 212. 

* Die Frauenmileb u. s. w. Berlin, 1838. • Handworterb. d. Physiol. Bd. 2, S. 464. 
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the ninth day 3-582g, and on the twelfth day 8‘345g ; Chevallier and 
Henry* found 3'56g, and Haidlen* 3-4 and l*3g. Simon found in cow' » 
milk from 3’80 to S’lOg, Herberger 3’89 and 3*758, Chevallier and 
Henry 3*1 3g, Boussingault® 3*90g, Playfair* 4*90g (as the mean of nine 
observations made on the milk of the same cow), an^ Poggiale* 4*382 
the mean of ten analyses). Clomm found 6*9522 in mares' milk ; Simon 
1*21, and Peligot 1*29 g in asses' milk. Chevallier and Henry found 
4*22 in sheep's milk. Payen® found 4*08, Chevallier and Henry 3*32, 
and Clemm 4*251g in goats' milk. Schlossberger’^ found 2*652 in the 
milk of a buck ; and in hitches' milk Simon first found 16*2, and after- 
wards 13*3g ; while Dumas® found from 7*32 to 12*402, and Bensch* 
10*75 and 10*95g. 

Simon found 5*00g of butter-fat in the colostrum of women’s milk, 
and coincides with Boussingault in giving 2*6 g as the quantity occurring 
in that of the cow. Chevallier and Henry found 5*02 *** 
ass, and 5*22 in that of the goat. 

L’llcritier found, from a comparative analysis of the milk of two 
nursing mothers, aged 'twenty-two years, one of whom was dark and the 
other fair, that the milk of the former was richer in fat (<)ontaining 6*48 
and 5*632) than that of the latter (which contained 3*55 and 4*052). 
This observation, which rec^uires to he confirmed by further investigations, 
is the more remarkable, as the other organic constituents were consider- 
abh' increased in the milk of the hrnnette. 

L’lleriticr*® found from 1*62 to 1*702 of casein, and from 7*12 to 7*00g 
flf milk-sugar in the brunette, and 1*00 and *952 of casein ; and from 
5*85 to 6*402 of sugar of milk in the blonde. 

Peligot made the striking obscryation, which has recently been con- 
firmed by lieiset,** that.the milk which is last yielded during milking or 
artificial suction, is much richer in fat tlfan that which is first drawn, 
although the composition of both portions, is otherwise the same. It was 
supposed from these observations, which were at first limited to the ass 
and the cow, that the milk lost some portion of its cream in the mam- 
mary glands, while the more watery and less fatty milk collected in the 
lower part of the udder ; but as Reiset has made the same observations 
in respect to women’s milk, which had been drawn in fractional portions 
from the breast, the cause can scarcely be dependent upon such simple 
mechanical relations as these. 

Peligot found 6*45g of butter in the first third of ’the milk of an ass, 
6*482 in the second, and 6*502 in the last portion. Reiset found pre- 
cisely similar relations in the milk of two cows, provided a full period of 
four hours had intervened between both times of milking ; for when the 
animals were milked after intervals of two hours only, there was no per- 
ceptible difference in the various portions of one and the same milking. 

* Journ. de Pharm. T. 25, p. 833 ot 401. * Ann. d. Ch. u. Pharm. Bd. 46, S. 273. 

s Ann. de Chim. et de Phys. 3 S4r. T. 8, p. 98. 

* Lond., Edin., and Dublin Phil. Mag; Vol. 23, p. 281. 

* Compt. rend. T. 18, p. 605-607, • Ann. de Chim. et de Phys. 1839, p. 144. 

’ Ann. d. Ch. u. Pharm. Bd. 51, 9. 431. » Compt. rend. T. 21, p. 708-717. 

« Ann. d. Ch. u, Pharm. Bd. 61, S. 221-227. 

Trait(i de Chimie pathologique. Paris, 1842, p. 638. 

' u Ann. de Chim. ct de Phys. 8 S6r. T 26, p. 82-86. 
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When the collective milk of a cow yielded 4'5o of fat, the last portions 
of the millr were found to contain 7-63, 7*53, and 8‘40g of butter. The 
milk of a nurse, aged 27 years (seven months after delivery), yielded 
more fat after the child had drawn the breast (on an average 5*54g) than 
before its application (on an average 3-24g). 

According to Simon’s investigations, the quantity of fat contained in 
woman’s milk remains nearly the same throughout the entire period of 
lactation. 

The nature of the food affects, at least in some degree, the quantity 
of fat contained in the milk. Boussingault* found that cows fed upon 
carrots, without the leaves of the plant, yielded milk containing l'25g 
of fat, while the milk contained only l’4g of butter when the food con- 
sisted of oats and lucerne. Playfair thought he could perceive an in- 
crease in the quantity of butter in the milk when the cows were fed on 
potatoes. The result of experiments made by Boussingault® on two cows 
was as follows : after feeding the animals on beet-root, the milk of one 
coAV was found to contain 4‘5G{I, and that of the other 3‘42J} of fat ; 
when the food consisted of the after-crop of grass, the milk yielded 3’92 
and 4*3!)g, and 3’97 and 4*63g when potatoes wixie used. Payen and 
Gasparin® found 3‘53g' of butter in the milk of a cd^W which had been fed 
in the ordinary manner, and 4‘87g when the food consisted of maize- 
cake. Dumas found that the milk of bitches was on an average some- 
what richer in fat when they had been fed on vegetable than on animal 
food. 

A mere superficial mechanical investigation would be sufficient to show 
that the milk must be poorer in fat during disease ; the fact has, however, 
been fully confirmed by some exact analyses made by Donnd, Herbcrger, 
and Simon. 

I found 3*39[5 of fat in a portion of cow;s’ milk which became blue 
when the cream had formeS. Three weeks after the disappearance of 
this phenomenon, the milk yielded 4'9342 of fat, although the animal 
was fed on the same food. 

No exact investigations have as yet been made op the extractive mat- 
ters found in milk, or in reference to the different quantities an which 
they occur in difierent milk. 

In reference to the salts of the milk, it must be observed, that the 
soluble salts consist of the chlorides of sodium and potassium, alkaline 
phosphates, and, in addition to these, of the potash and soda which are 
combined with the casein in the milk. The insoluble salts consist of the 
phosphates of lime and magnesia, which principally belong to the casein 
(see vol. i. p. 337). No sulphates or salts of ammonia are found in 
fresh milk (see vol. i. p. 398). Haidlen^ found a_little peroxide of iron 
in the ash of cows’ milk. 

The milk of women contains, according to the investigations of most 
observers, from 0*16 to 0-25g of salts, cows’ milk from 0*55 to 0-85g, 
and the milk of the bitch from 1-2 to l*5g. 

The amount of the soluble salts in the^nilk is in general smaller than 
that of the insoluble phosphates. There occur about 0*04 or 0*09g of 

• Ibid. T. 11, p. 438. s Ibid. T. 12, p. 168. 

* Compt. rend. T. 18, p. 797. * Ann. d. Ch. u. Phumi. Bd. 64, S. 278. 
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soluble salts in the milk of women, and 0'21g of soluble and 0*28g of in- 
soluble salts in the milk of the cow. According to Dumas, the milk of 
the bitch contains O’Tlg of soluble and 0*77g of insoluble salts, when the 
food has been mixed, and 0*46g of soluble and 0’57g of insoluble salts, 
when the food consisted of animal substances. Bensch found in the 
milk of a bitch, which had been exclusively fed on meat, l’252g of ash, 
of which 1’166 were phosphates of lime and magnesia. 

The ash of cows’ milk contains, according to Weber’s analysis, con- 
ducted by Rose’s method, T4’18grof chloride of potaisium, 4*74-gof chlo- 
ride of sodium, and 23'46g of potash, and 6'96g of soda (combined with 
phosphoritS, sulphuric, and carbonic acids). The ash of ox-blood, on the 
other hand, after the abstraction of the peroxide of iron, contains 38‘82g 
of chloride of sodium, no chloride of potassium, 29*09g of soda, and only 
ll'44g of potash. This milk, therefore, independently of the absolutely 
small quantity of salts, contains a relatively less amount of soda com- 
pounds and alkaline chlorides, but a much larger quantity of potassium- 
compounds. In the ash of milk, we moreover find, according to Weber’s 
analysis, 28‘4g of phosphoric acid, while in the ash of the blood (accord- 
ing to the same analysis) there is only 7‘74g of this acid, after deducting 
the iron. Finally, there is 17'34g of lime, and 2*20 of magnesia in the 
ash of the milk, while there is only l*90g of lime, and 0*75g of magnesia 
in the ash of the blood (after a similar deduction of the peroxide of iron). 
Hence the milk exhibits a considerable excess of phosphoric acid and 
eai*ths ‘over the blood. The phosphoric acid present in the milk-ash is 
almost wholly tribasic. Wc shall in a future part of the work sec the 
-Importance of these comparative numbers, in relation to the theory 
of the secretions and the metamorphosis of matter generally. 

AlJmline carbonates are also present to some extent, if not in all kinds 
of milk, at all events in cows’ milk. Thus, when two samples of fresh 
milk, one unmixed and the other^ treatvod with a little acetic acid, are 
placed under the receiver of an air-pump, and we produce a vacuum, the 
latter will be found to contain a much larger quantity of gas, that is to 
say, of carbonic acid, than the former. 

LactiC' acid is not contained in fresh milk, as we have already shown 
in vol. i. p. 98, and it only appcargi to be formed abnormally in the 
uddejs of graminivoroixs animals. The freshly drawn milk of herbivorous 
animals always exhibits a slight alkaline reaction, and is only rendered 
acid when the food of the animal has been scanty and poor in quality. 
It still remains for us to determine whether in these cases, the acid reac- 
tion invariably depends upon lactic acid, or, as may possibly be the case, 
on the presence of acid phosphates, or even on huytrie acid. The milk 
of the bitch is, according to Bensch, neutral when the animal has been 
kept on vegetable food ; whilst it is always acid when the food has been 
exclusively animal. This acid reaction is most probably owing to the 
acid phosphates, and more especially to superphosphate of lime. Mole- 
Bchott* found that the milk of two cows had a strongly acid reaction 
several days before and after 4Rlving during the winter. 

Free gases, and more especially carbonic acid, can always be shown to 

'' Areh. f. physiol. Ileilk. Bd, 11, S. 696-698. 
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be present in fresh milk, according to the method already described at 
p. 55. 

Abnormal constituents have in general been but rarely found to exist 
in the milk, although our daily experience of the injurious influence ex- 
erted by the milk of some vromen on the children they suckle, and fre- 
quently by that of cows on the life of their calves, clearly indicates the 
existence of chemical metamorphoses in the milk, and the presence within 
it of certain abnormal substances. Albumen is the most frequent of 
these abnormal constituents of the mi]|k y i^ i^ present dn inflammatory 
affections of the mammary glands, when the milk contains blood and 
pus ; and it is perhaps normally present in the contents of the lactiferous 
ducts in all periods except during lactation ; at all events, Simon found 
19’8348 of a substance coagulable by heat in the fluid secreted by the 
udder of an ass, fourteen days before foaling. The colostrum of the 
cow coagulates on being boiled, but not when treated with rennet. We 
must not, however, assume that when the milk coagulates on being heated 
it necessarily contains albunfen, for Scherer has obtained a casein from 
normal milk which coagulated by heat,, while both Dumas and Bensch 
found that the milk of the bitch became pulpy, fqid was even almost 
completely coagulated on being heated, when the animal had been kept 
on vegetable food as well as when it was fed on animal matters, while on 
cooling it very frequently again became thinly fluid. 

]Marchand‘ found dissolved hcematin in the milk of a diseased cow, 
without, however, being able to detect any blood-corpuscles un1ier*the 
microscope. 

Fibrin occurs in the milk only when the latter contains blood ; at leasl^ 
as far as my own experience extends, it is never present except simulta- 
neously with blood-corpuscles, or atjeast with heematin. 

Bees* has found urea in the milk in Brigjit’s disease. 

Much was formerly writfen regarding the passage of foreign sub- 
stances, as pigments, medicines, and poisons, into the milk, but wo have 
no certain knowledge of any excepting iodide of potassium, which has 
been found in the milk of women by Peligot as well as by llorberger. 

As in the case of the blood, it will hardly be irrelevant if -after this 
notice of the normal and abnormal constituents of the milk, we enter 
into a brief consideration of the difterences presented by this fluid^when 
examined in relation to its general physiological bearings* 

Colostrum generally appears as a turbid, yellowish fluid, similar to 
soap and water, having a viscid consistence and a strongly alkaline reac- 
tion. It passes more rapidly into lactic fermentation than normal milk, 
and it also constantly exhibits an excess of solid constituents both in 
women and animals, as we learn from the investigations of Simon, and 
of Chevallier and Henry- According to the last-named observers, this 
augmentation is most marked in the casein (in cows, asses, and goats). 
In women this increase principally affects the milk-sugar (according co 
Simon). Henry, however, finds much less sugar in the colostrum, and 
Simon less casein. Although a microscopical investigation and external 
appearances would seem to show that colostrum contains less fat, the 

* Journ. f. pr. Chem. Bfl. 47, S. 180-184. 

* Guy’s Hospital Reports, Now Series, vol. i. p. 828. 
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contrary is proved by the results of most analyses. The colostrum is 
richer in fat than the corresponding milk. The cause of this striking 
phenomenon may perhaps depend upon the quantity of fat contained in 
the granular masses (corps granuleux). The colostrum contains more- 
over from two to three times more salts than the milk. 

The colostrum of women yields, according to Simon, 17'2{J of solid 
residue, and women’s milk on an average iO'93. The colostrum of the 
cow gives 16 * 03 , and the milk from the same animal from 14 to 15g ; 
the colostrum of the ass yields^according to Chevallier and Henry, 
17*16J}, but asses’ milk only 8*35g. The colostrum of the goat, accord- 
ing to the same analysis, contains 35*9g, and the milk 13*2g. 

Women's milk is in general of a more bluish-white color than that of 
the cow or other animal, and is likewise sweeter in flavor. It has a 
strongly alkaline reaction, and turns acid less readily than other kinds 
of milk. Its specific gravity varies between 1*030 and 1*034, and it 
contains from 11 to 133 solid constituents, amongst which there is on 
an average 3*5g of casein, and from 4 to *6g of sugar of milk. The 
casein in women’s milk is less yeadily and completely precipitated by 
acids and by rennet,,according to the concurring testimony of Simon 
and Clemm ; the coagulum is also in general somewhat gelatinous and 
not so dense and solid as that of cow’s milk, and therefore more easily 
digested by the child’s stomach. The butter of women’s milk is sup- 
posed to be richer hi olein than that of cow’s milk. 

Oow'9 milk is in general of a pure or somewhat yellowish-white color. 
Its specific gravity varies, according to Simon, between 1*030 and 1.035, 
and according to Scherer, between 1*026 and 1*032. It contains on an 
average, 143 of solid constituents (vai*ying between 12*9 and 16*53). 
contains more casein than women’s milk (see vol. i. p. 340), and some- 
what more butter, but less ^ugar of mills and far more salts, although 
this increase principally affects the insoluble ^alts belonging to the casein, 
with whose augmentation they arc likewise increased. 

Mare's milk is white, tolerably thick, with a specific gravity vai’ying 
from 1*034 to 1*04^ (according to Clemm it is 1*0203). It contains 
16*23 of solid residue, a small proportion of casein (1*78), but a large 
amount of fat (6*95g), and a considerable quantity of sugar of milk 
( 8 * 758 ). 

Asses' which is of a white color and sweeter than cows’ milk, 

has a specific gravity which fluctuates between 1*023 and 1*035. It 
contains from 9*16 to 9*533 of solid constituents, of which from 1*6 to 
1*98 is casein, from 12*1 to 12*98 butter, and from 6*8 to 6*298 sugar of 
milk ; it is therefore far poorer in casein and butter than cows’ milk, 
but richer in sugar of milk. This milk likewise very readily becomes 
acid, and easily passes into vinous fermentation. 

Gloats’ milk is white, of a faintly sweetish taste, and a peculiar odor. 
Its specific gravity is in general about 1*036. It contains from 13*2 to 
14*58 of solid constituents, amongst which from 4*02 to 6*038 are casein, 
from 83*2 to 42*58 butter, and .from 4*0 to 5*38 sugar of milk. It is, 
^ereforo, poorer in casein than cows’ milk, contains nearly the same, or 
perhaps a somewhat larger quantity of fat, and much more sugar of 
milk. When coagulated, the casein forms a dense mass. 
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Sheep's milk is thickish, white, and of an agreeable odor and taste. 
Its specific gravity varies between 1'03/) and 1*041. It contains 14*38f| 
of solid constituents, amongst which 4*02g are casein, 4*20g butter, 5*0g 
sugar of milk, and 0*68g salts. It appears from the single analysis in- 
stituted by Clxcvallier and Henry to contain somewhat less casein and 
butter, and more sugar of milk than cows’ milk. 

The only carnivorous animal whose milk has been analyzed is the 
bitch, and her milk, according to the investigations of Simon, Clemm, 
Dumas and Bensch, is somewhat thick, and on heating it becomes much 
thicker, even if it does not perfectly coagulate. When the animal has 
been kept on vegetable food, the milk is neutral, or has a faintly alka- 
line reaction. When animal food has been given, the milk exhibits an 
acid reaction, and has a specific gravity varying from 1*033 to 1*036. 
It then contains from 27*46 to 22*48g of solid constituents, of which 
from 8 to llg are casein, and from 6*84 to 10*95g butter, besides a small 
quantity of sugar of milk. On mi.xed food bitches’ milk contains more 
butter and also more sugar of milk. It is a singular circumstance, that 
on evaporating this milk, its sugar is found to be converted into grape- 
sugar (glucose), and the solid residue attracts a large quantity of oxygen 
from the air (Bensch.) The ash sometimes contains upwards of DBlj of 
insoluble salts. 

Although there can be no doubt that the nature of the food exerts an 
influence on the composition of the milk, it has not been shown in what 
manner this affects the individual constituents. From the e.xperinfonts 
made on bitches, it W’ould appear that a vegetable diet renders the milk 
richer in butter and sugar ; wliile the solid constituents are augmented 
when a sufficient quantity of mixed food, is given. Peligot found the 
milk of an ass most rich in cascii* when the animal had been fed on 
beet-root, whilst it was richest in butter wjien the food had consisted of 
oats and lucerne. Fat footf increases the quantity of the butter. Bous- 
singault found the milk of a cow richer in casein when the animal had 
been fed on potatoes, than when other food was taken. Keiset found 
that the milk of pows w'hich were at grass was much^ richer in fat than 
when the animals had stood all night in their stalls without food, but 
Playfair found on the contrary tl^at the quantity of butter in tlic milk 
increased during the night as much as during their stall-focdiqg, but 
that the quantity of butter in the milk was considerably diminished by 
the motion of the animals in the fields— an observation which agrees 
more closely than Reiset’s with every-day experience. Hay that has 
been cut and collected in a dry summer, yields a milk which is richer in 
butter than hay which has been cut in a wet season. 

It follows from the experiments made by ^mon on the milk of a 
woman who was suckling, that this fluid undergoes gradual alterations 
during the period of lactation. For while the quantity of the butter re- 
mains nearly the same, the casein increases as the child becomes more 
fully developed, at the same time that the sugar of milk gradually 
diminishes. The insoluble salts are increased simultaneously with the 
casein. 

The alterations experienced by the milk from deleterious substances, 
mental and physical affections, and diseases, have been so imperfectly 
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investigated, that we can scarcely be said to know anything in relation 
to this subject. Herberger found that the milk of cows having the 
murrain, was richer in potash, and had a colostrum-like appearance. 
The milk becomes more watery in almost all morbid affections, and is 
then also especially poor in butter. In febrile affections it is frequently 
very acid. 

Almost every experimentalist has adopted his own plan of analyzing 
the millc^ but as scarcely any methods before Haidlen’s can lay claim to 
accuracy, it is unnecessary to give a critical notice of them, and we will 
hero simply draw attention to the difficulties which appertain to the 
quantitative analysis of milk, more than to that of many other animal 
fluids. These difficulties extend, however, to nearly all of its individual 
constituents, and mainly depend upon the following conditions : — While 
undergoing the process of evaporation, the milk becomes covered by the 
well-known casein-membrane, which during rapid evaporation is often 
broken by vesicles of steam, by which a portion of the fluid may spirt 
out and be lost. It is extremely difficult to dry the milk completely 
after it has once undergone evaporation, and indeed almost impossible 
uqlcss a very small quantity of this fluid has been employed for the de- 
termination of the solid residue ; for tlie dry casein, when penetrated by 
fat, forms a crust which is impermeable to water, and even to vapor. 
The casein is not perfectly thrown down from the solution by means of 
acetic acid (see vol. i. p. 340), since some portion may be extracted by 
alcohol as well as by water. When acetic acid is employed, tlie acid 
enters into combinations with alkalies, and augments the alcoholic 
extract in a manner whicli it is not ca.sy to control, or even to estimate. 
The fat cannot be perfectly extracted from the simple residue of the 
milk, however long the latter may have been submitted to the action of 
ether. On evaporating sour milk, the sug^ar is in pai-t converted into 
grape-sugar, or into an uncrystallizable syrup-like sugar. When milk is 
exposed to a warm temperature, the SQ-called extractive matters are 
formed in considerable quantity. It is more difficult to incinerate the 
residue of the mil]^ than that of many other fluids. We are not yet able 
to make <?ven an approximate determination of the investing membranes 
of the milk-globules. 

Dmnas and Scherer suggest, as a method for determining the casein 
with every possible accuracy, that the milk, after it has been evaporated 
in a water-bath or in a vacuum with sulphuric acid till it is nearly dry, 
should be treated with a little acetic acid, and then extracted with ether, 
alcohol, and water. In my opinion Haidlcn’s method (see vol. i. p. 
340) is in many respects preferable to this, for the treatment of milk 
with definite quantities of sulphate of lime presents great advantages for 
evaporating and drying the fluid, and for determining the quantity of 
fat, independently of the circumstance that the casein is insoluble in all 
menstrua. Milk which has been treated with chloride of calcium, a solu- 
tion of sulphate of lime, or, according to Haidlen’s method, with dried 
.^psum, may easily be evaporated without experiencing any loss by the 
formation of vesicles of vapor ; while at the same time the residue readily 
adotits of being very perfectly dried, and then easily pulverized. Ether 
readtiy and complet<;|iy extracts the fat, but alcohol does not remove any 
casein, either by boiling or after the fluid has cooled. A different 
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method must, however, be adopted for the determination of the solid 
residue, the salts, and the aciueous extract. The best mode of proceed- 
ing is to evaporate from 1 to 6 grammes of milk in a flat platinum basin, 
either in a vacuum or in a water-bath, and then to dry it in an air-bath 
at -4- 120°, or in a vacuum with the aid of a small sand-bath heated to 
120°. The ash is best determined when a portion of well-dried residue 
is burnt in a platinum crucible with the co-operation of oxygen. 
Scherer’s method is the only one by which the aqueous extract .can be 
determined with any degree of accuracy. 

Wc would refer to the observations already made (at p. 263 of vol. i.), 
for the method of obtaining a quantitative determination of the milk- 
sugar; simply remarking here, that acid milk must be neutralized before 
its evaporation, in order to obtain the milk-sugar in a crystallized state. 

Diimas^ observes that the milk-globules remain upon the filter when 
the milk has been treated with a concentrated solution of chloride of 
sodium. I have not been perfectly successful in this experiment, even 
when I have used freshly drawn milk. 

Attempts have been made to invent instruments and methods for de- 
termining with promptness the goodness of the milk, in order to detect 
some of the numerous modes of adulterating cows’ milk usually practised 
in large towns. These instruments, which are termed galactoHcopes and 
galactometers, are designed to furnish an average determination of the 
quantity of fat contained in the milk, since the goodness of this fluid for 
ordinary purposes is estimated according to the amount of faf which it 
contains. The best known of these instruments is the galactoscope in- 
vented by Donn^,® which consists of two tubes that may be pushed into 
one another by means of a fine screw, each tube being closed at the 
opposite extremities by a plane of glass. The determination is made by 
ascertaining the thickness, of the milk-str^itum, through which the light 
of a taper may bo detected ; the opacity of the milk being usually re- 
garded as a test of the quantity of fat contained in it. Areometric 
determinations, such as Jones, Chcvallier and Henry, as well as Que- 
venne, have proposed for the determination < 5 f^the density, and 
consequently of the goodness, of the milk, frequently fail in their object, 
while Simon’s suggesstion of employing a solution of tannic acid, of 
known strength, which precipitates butter and casein from tl^e milk, 
may in many cases be open to deceptions. Moreover? Lampdrierre’s'* 
method of comparing tl^p density of fresh milk with that of milk which 
has been filtered through paper, does not meet all the requirements of 
the case. 

We are still very deficient in accurate determinations of the quantity 
of this secretion in women, but it must necesssgrily difier in accordance 
with the various relations of nutrition in the female while suckling. In 
4women, the bodily constitution, the nature of the food, external rela- 
tions, temperament, &c., must obviously influence the quantity as well ., 
as the composition of the milk. The quantity of the milk is, moreover, 
dependent upon its consumption, for in the early period of lactation, less 
milk is drawn from the breasts than subsequently, when the infant re- 

• Arch. g6n. de Mdd. Vol. suppl. 1846, p. 180. 

* Compt. rend. T. 17, p. 688-692. • Op. oit. 
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quires a larger awount of nutriment. Lnmp^ricrre determined, hy 
means of the apparatus described in p. 57, the quantity of milk 
secreted in definite times by a large number of •women, and found, as a 
mean for each breast between 50 and 60 grammes in the course of two 
hours. If we were to assume that the secretion of milk proceeds at an 
equal rate during the twenty-four hours, then (taking 55 grammes as 
the mean) a woman might discharge 1320 grammes of milk in twenty- 
four hours from both breasts ; according to this view, and assuming the 
ineau weight of the female body to be 60 kilogrammes, there would be 
secreted every twenty-four hours during the period of lactation 22 
grammes of milk for every 1000 grammes of weight. 

We may calculate with tolerable accuracy the quantity of milk 
secreted by milch cows : according to the experiences of agriculturists, 
which coincide pretty closely with the results which Boussingault 
obtained in his experiments on the effects of different kinds of food, a 
cow yields on an average 5| litres, or about 6 kilogrammes of milk in 
twenty-four hours ; since on an average a cow weighs 580 kilogrammes, 
there arc thus 10‘4 grammes of milk secreted for each 1000 grammes 
Aveight of the animal. 

With regard to the origin of the milk and of its constituents, w^e must 
refer to our observations on seeretion in general. We need here only 
especially remark, that we cannot assume, as Chevrcul and other chemists 
and.cA’^ep ourselves formerly did, that the constituents of the milk exist 
preformed in the blood. If we only adhere to the chemical view of the 
case, this much at all events seems established, that the pre.scnce of the 
leading constituents of the milk has not yet been recognized in the 
blood : we have already sufficiently shown, in p. 338 of the first volume, 
that all those reactions and phenomena from aaIucIi it has been inferred 
that casein exists in the blood, either afford iio certain proof th.at this is 
the case, or are altogether founded on error. The same is the case with 
the milk-sugar, which has never been recognized Avith certainty in the 
blood ; the sugar of the blood, which wc have especially found in the 
contents of the hematic veins, and which C. Schmidt has detected in the 
whole mass of the blood, is fermentable ; the sugar discovered by Scherer 
in the muscular juice, the inosite, is certainly not capable of undergoing 
fermentation, but in its other physical and chemical properties it differs 
essentially frorfi milk-sugar ; hence we may regard it as in the liighbst 
degree probable that no milk-sugar exists preformed in the blood, even 
if we do not deny that its augmentation or diminution in the milk is 
very dependent on the nature of the food. Dr. von Becker rceently 
made several observations in my laboratory, which afforded the first ex- 
perimental proof of a fact which had been long assumed. In his experi- 
ments on the resorption of sugar, he found, that in order to make sugar 
appear in the urine of rabbits, Avhose udders contained milk, it wift 
necessary to introduce a much larger amount of that substance into the 
blood than in the case of male or non-suckling rabbits. In these cases 
there was also far less sugar in the blood than a comparison with other 
experiments would have led us to anticipate. The grape-sugar intro- 
duced into the blood must, moreover, have been very rapidly absorbed by 
the mammary glands % these cases. If these facts faA'or the view that the 
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sugar is formed in the mammarj glands, the pre-existence of certain 
constituents of the butter in the blood is bj no means opposed to it : for 
if we assume that the capillaries of the mammarj gland allow of the 
passage of the fats in a different proportion from that in which they are 
contained preformed in the blood, as is quite possible from the pheno- 
mena which have been observed in transudation, it is obvious that these 
capillaries are perfectly impermeable to the cholesterin, which is so 
abundant in the blood, and transudes so readily ; for no cholesterin is 
found in the milk. On t^e other hand, it is very questionable whether 
true butyrin is contained in normal blood. Moreover, the salts do not 
pass into the milk in consequence of simple transudation ; for on com- 
paring the salts of transudations with those of the milk, we find that the 
chlorides do not preponderate to nearly the same extent in the latter as 
in the former, but that the potassium-compounds and phosphates arc 
present in the milk in even larger quantities than in the blood-corpus- 
cles : the preponderance of the insoluble phosphates in the milk-ash has 
been already Specially noticc<l. But if wo compare the soluble salts 
of the milk-ash with those of the intercellular fluid and of the blood- 
corpuscles (as for instance in the cow), it seems to follow as an almost 
necessary consequence that the blood-corpuscles take part in the forma- 
tion of the milk, at all events in so far as the salts are concerned. 

As when we treat, in this volume, of the process of secretion, we shall 
fully enter into the histological and physiological grounds which i^avor 
the view that there occurs a. preliminary remodelling of the substances 
to 1)0 conveyed by the blood to the glands for secretion, we will hero 
refer to that chapter, in which, after reviewing all the chemical results 
which have been described in the theory of the juices, the principle is 
fully established, that the main constituents of all true secretions, like 
those of the liver and the <aammary glanfl, are first formed within tho 
glandular organs themselves. 

The physiological importance of the milk is so obvious, that it would 
be altogether superfluous to enter fully into the subject ; but an accu^ 
rate investigation of the influences which the indfvidnal constituents of 
this secretion, which Nature itself has provided as the type of normal 
food, exert on tho infant, is of sucdi great physiological importance, that 
on|) of the fundamental, laws of physiological chemistry, the very turning- 
point of the metamorphoses of the animal tissues generally, is based upon 
it. For this reason we shall enter into a full consideration of this subject 
when wo treat of the theory of nutrition, and shall, therefore, postpone 
all our remarks upon it for the present. 


SEMINAL FLUID. 

The seminal fluid, which is secreted by the testicles, and is usually 
mixed with the prostatic fluid, is viscid, tenacious, opalescent, colorless 
(only becoming yellow on drying), of a peculiar odor, considerably 
heavier than water, and of an alkaline reaction ; i^en freslilj' discharged 
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it is gelatinous, but after some time it assumes a thin fluid consistence ; 
a mucous sediment is formed when it is mixed with water ; the mixture 
is not rendered appreciably more turbid by boiling, but alcohol induces 
perfect coagulation. 

In animals, during the period of heat, the seminal fluid may be col- 
lected in comparatively large quantities from the vasa deferentia and 
the vesiculm seminales ; the latter, however, secrete an independent fluid, 
and hence we often find no true seminal fluid in them. 

This fluid contains the most remarkable morphological elements which 
we meet with in the animal organism, the seminal animalcules or sper- 
matozoa, These elements which, according to the unanimous evidence 
of physiologists, occur in the fruitful seed of all animals, have in most 
cases tolerably similar although distinguishable forms ; there is a round, 
oval, or pyriform head, to which is attached a long filament gradually 
coming to a point. With regard to the dimensions of these singular 
formations, the head in man varies in breadth from 0*0007"' to 0*00l3'", 
and in length from 0*0019'" to 0*0025'", while the filament or tail has 
a length varying from 0*0018'" to 0*0020"'. The greatest peculiarity 
in connection with these structures is their apparently spontaneous 
motion, which for a long time led to the belief that they were infusoria ; 
the continuous motion appears to be produced by the bending and rapid 
stretching of the tail from one side to the other, so that the molecule 
moves ifi a zigzag direction, following the course of its head. 'This 
power of motion is often retained for a long time if the semen be pro- 
tected from evaporation, or when it is placed in tepid serum, urine, 
saliva, or mucus ; if the seminal fluid be mixed w’ith double its quantity 
of water, the filaments lose their power of motion, and become more or 
less rolled up (Ilenle,* K. Wagner.)® The motion is destroyed by decom- 
position of the semen, by spii’its of wine, a solution of opium, and strych- 
nine ; the tail then generally remains extended. The spermatozoa are 
not readily destroyed by putrefaction ; they are dissolved by concen- 
trated but not by dilqtc solutions of the alkaline carbonates ; the latter 
solutions, on the dlher hand, often render them more distinct under the 
microscope, by dissolving the coagula or mucus occurring between them. 
When carefully exposed to a great heat, they leave, according to Valen- 
tin, an ash, which retains their precise form. 

There are likewise other morphological elements besides the sperma- 
tozoa which occur in the semen ; in addition to scattered epithelial 
scales and mucus-corpuscles, R. Wagner also found finely granular, pale, 
sharply outlined molecules, the seminal granules, which vary in size 
from 0*0016'" to 0*01'" ; there are also minute fat-granules and mole- 
cular matter. * 

The intercellular fluid of the semen, which derives it origin less from 
the testes than from Cowper’s glands, the seminal vesicles, and the pro- 
state gland, gelatinizes after its discharge ; Henle regards the gelati- 
nizing substance as fibrin, while Berzelius compares it with mucus, al- 
though he docs not regard the two as identical. This substance has 
been^-named spermatin ; it is, however, probably nothing more than 
basic rfilbuminate of soda, with which it coincides in most points ; the 

* Allg. Anatom. S. 949-958. ® Lchrb. d. spoo. Phys. 3to Aufl. 1846, S. 49. 
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fluid does not become turbid on boiling ; after evaporation, this albumi- 
nous substance becomes insoluble in water ; a dilute alkaline solution re- 
dissolves the matter precipitated by the water, which is again thrown 
down on the further addition of concentrated solutions of the caustic 
alkalies or their carbonates ; the solid residue of the fluid is only partly 
soluble in water, and partly also in alcohol ; on the addition of acetic 
acid to the watery solution, a flocculent precipitate is thrown down, 
which redissolves in an excess of the acid, and is precipitablc from this 
solution by fcrrocyanide of potassium ; this precipitate is soluble in con- 
centrated nitric acid. Although all these properties coincide with those 
of albuminate of soda (see vol. i. p. 296), we must not hence conclude 
that this substance is simply albuminate of soda, but we arc even less 
justified in assuming the presence of a special substance, spermatin, or 
even of ordinary fibrin. 

Both the water-extract and the alcohol-extract of the seminal fluid 
doubtless contain albuminate of soda, as far as wo can conclude from 
the investigations of Vauquelin ; but we cannot decide whether in addi- 
tion to this there are special extractive matters, as in the other animal 
juices, since the quantity of seminal fluid that can be collected is always 
too small for such investigations. 

The salts of the scrum may be easily recognized in the seminal fluid ; 
we find, however, that the latter contains phosphate of lime, and espe- 
cially phosphate of magnesia, in preponderating quantity ; we caji reg^dily 
convince ourselves of the presence and quantity of the magnesian salt 
by placing semen between two glass slips which arc united by varnish (in 
the satin' manner as microscopic objects are put up), and allowing it to 
deconiiiosc ; we then observe the separation of innumerable crystals of 
phosphate of ammonia and magnesia amongst the uninjured spermatozoa ; 
many liave followed Vauquelin in assuming that these crystals are phos- 
phate of lime, but this is obviously impossible, because the latter docs 
not crystallize from organic solutions (and these crystals present no re- 
semblance to apatite either in their form or in the mode of their forma- 
tion). But independently of this we may readily convince ourselves, 
both by microscopico-crystallometric and by microscopico-circrnical ana- 
lysis, that those are crystals of tire ordinary triple phosjihatc. 

Vauquelin* found 6{} of organic matter, 8g of earthy phosphates, and 
Ig of soda, and hence altogether 10 g of solid constituents, in the semen. 

With regard to the analysis of the semen, we have merely to follow 
the rules laid down for the investigation of the animal fluids generally ; 
in the quantitative analysis wo should, however, bear in mind, that by 
mixing the fresh object with a very dilute solution of ammonia, the sepa- 
ration of the organic matters from the actual fluid of the semen may be 
prevented, and hence probably a quantitative determination of the 
spermatozoa ajid other morphological elements of this secretion may be 
accomplished by filtration. In order to examine with accuracy the ex- 
tractive matters of the semen, we should first dilute the fresh fluid with 
a little water, and neutralize with dilute acetic acid, and then filter, be- 
fore commencing to evaporate, or to extract the residue with water and 
alcohol. 


* Ann. de Chim. T. 9, p. 64. 
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In a medico-legal point of view the examination of the seminal fluid 
is of groat importance. Much attention has recently been paid (by 
Romaic,* Bayard,® and C. Schmidt),® to the characters which distinguish 
seminal fluid on clothes, linen, &c., from other dried fluids, and enable 
us to detect this secretion with certainty. The form of the spermatozoa 
is so characteristic, and so different from all other animal or vegetable 
forms, that on a microscopic examination they cannot be mistaken for 
any other structures. The diagnosis of semen in animal fluids, as for 
instance the urine, is extremely facilitated by the comparatively inde- 
structible character of the animalcules. It is further worthy of notice 
that I have always found that urine containing semen very readily be- 
comes alkaline, and that even when few animalcules are found, it throws 
down a mucous sediment of peculiar, finely laminated, and very transpa- 
rent flakes. Hence the diagnosis of semen, is easy in every instance in 
which the object can be at once examined microscc^ically ; in that case 
no chemical experiments are required, which unfortunately would fail in 
giving decisive results. It is a more diflBcult matter to prepare for 
microscopic examination semen that has been dried on linen or other 
textures. We omit any mention of the method adopted by Bayard for this 
object, since it is too circumstantial, requires a tolerably skilful analyst, 
and has other drawbacks ; and wc shall only give the very simple method 
recommended by Schmidt. Ilis first direction is that we should ascer- 
tain ^pn which side of the texture the spots are situated, for it is here 
only that we should find seminal animalcules ; we can detect this side by 
its glistening surface when the light falls upon it, while the opposed 
surface appears dull and has a rough feeling. We then gather together 
the portion of linen on which the semen is found, and suspend it in a 
watch-glass half full of water ; after four hours we warm the fluid having 
previously added a few drops 'of ammonia, wliilo the portion on which the 
spots are situated still remain immersed ; wc then gently rub the sur- 
face, and afterwards examine with the microscope the fluid ‘ contained in 
the watch-glass. 

According to Sehmidt, seminal spots differ from all others, as for in- 
stance, those of the lochial discharge, vaginal mucus (whether syphilitic 
or non-syphilitic), pus, gonorrhoeal rahtter, nasal and bronchial mucus, 
albumen, gum, fat, glue, or starch, in this respect, that the seminal spots 
become of a pale yellow color when kept near to the fire for one or two hours, 
while the form of the animalcules is not at all changed. Other substances 
when treated in this manner are either colored green (as for instance, 
vaginal mucus) or are not changed in color ; spots caused by animal 
substances may be easily diagnosed, either by their morphological ele- 
ments, or by the albumen, which can be detected after they are moistened. 
No one could mistake spots of mere fat, gum, or starch, for marks of the 
seminal fluid. 

The origin of the semen and its physiological importance belong solely 
to histology and physiology ; and we should be encroaching too much on 

* Diagnostiche u. pathogen. Unters. Berlin, 1846. S. 148-171. 

^ * Ann. d’ Hygiene publique. 1849. No. 48. 

* ® Diagnostik ver^ch tiger Flecke. Milan u. Leipzig, 1848. S. 42-48. 
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these departments if wo were to enter more closely into these obscure 
subjects, on which chemistry has as yet thrown no light, and which it 
will probably never be able altogether to elucidate. 


THE FLUIDS OF THE EGG. 

While investigations in reference to the egg and its morphological 
elements, its development, and metamorphosis, have led to the most 
brilliant discoveries in physiology, the composition and character of the 
animal egg and its constituents have met with little attention from the 
chemist, and perhaps not without reason, for other fields of inquiry, alike 
more accessible and more extensive, promised to yield a far richer har- 
vest than could be anticipated from the investigation of this subject. An 
inquiry into the constituents of the egg is still deficient in those prclimi- 
nai’y investigations, which are necessary for the cultivation of the sub- 
ject in such a manner as to correspond to the general advance of sciened 
and the present stage of histological discovery. Thus, for instance, 
although our knowledge of the fats is undoubtedly much advanced, and 
has attained a certain decisive stage, wo are still wholly ignoraiiFof many 
of the animal fats and of their relations to the lipoids. Our physiologi- 
cal inquiries have, however, shown us that the fats participate largely 
in promoting the growth and metamorphosis of the egg. Considerable 
obscurity still attaches to .the cUemical investigation of the various 
matters containing phosphorus, which occur, as it would appear, with the 
same constancy in the egg as in the brain and spinal cord. 

We have already frequently sj)oken of the deficiency of Our knowledge 
of the protein-bodies. Inquirers have scarcely ventured till the most 
recent times to hazard a conjecture as to the presence of other non-nitro- 
genous matters, as for instance, sugar, in addition to the fats jn the fluids 
of the egg. 

Under the term “fluids of th^ egg>” wo also usually include those 
fluids which are coeval with the development of the enjbryo, but which 
we shall not take into consideration in the present place, since we treat 
of the liquor amnii under “Transudations,” of the liquor allantoidis 
under “ Urine,” of the vernix caseosa under “ Cutaneous Secretion,” and 
of the gelatin of Wharton* under “Mucus.” 

As the eggs of most animals are either very small or cannot readily 
be obtained in any considerable numbers, thos^ of the hen and of the 
carp are almost the only ones which have hitherto been examined. Since, 
according to Gobley’s investigations,® the constituents of the eggs of 
both classes of animals are almost perfectly identical, we may assume 

[The gelatin of IVharton is the limpid fluid with which the cellular tissiie, that 
unites the vessels of the umbilical cord with ainuiotic investment, is iinprognuted, — 
o. K. n.] 

* Compt. rend. T. 21, p. 76^-709; Journ. de Pharm. et de Chirn., 3me S6r., T. 11, p. 
409-417, et T. 12, p. 613 ; Jouru. de Chim. Med. T. G, pp. 67-^9. 
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that an inference may with some justice be drawn as to the composition 
of the eggs of all other animals from that of the hen’s eggk 

It is well known tliat the eggs of most animals do not contain the 
same albuminoaa investment as bird’s eggs, but simply a Said correspond- 
ing to the yolk, and enclosed by a membrane. We will, therefore, begin 
by considering the yolk, the constitution of which we only know from 
our experiments on that of the hen’s egg. The yolk of the hen’s egg 
consists of a very viscid, thick, scarcely translucent fluid, which is either 
of a yellowish-red or of a sulphur-yellow color, devoid of odor, and of 
a faint hut peculiar taste. When mixed with water it forms a white, 
emulsive fluid, imparts a blue color to reddened litmus paper, and solidi- 
fies on boiling into a very friable mass. It coagulates in cold alcohol, 
and yields when shaken with ether a reddish or amber-colored fat, whilst 
a viscid white mass separates. 

On examining the yolk under the microscope, we find that it consists 
of a aHmi-fluid mass composed of very fine granules (whose diameters are 
too small to admit of being measured), amongst which there swim vari- 
ously sized yolk-corpuscles and fat-globules. The latter are distinguished 
by a less intense yellow color, and by being covered with a layer of fine 
granules, whilst the yolk-corpuscles are surrounded by a membrane, 
which is, as it were, strewn with granules. When the yolk is acted upon 
under the microscope by hydrochlorate of ammonia, or other neutral 
alka\/ne salts, the granules almost wholly disappear, leaving only shining 
and sharply defined fat-globules, together with the somewhat distorted, 
oval, fusiform, or cucumber-like yolk-cells. The latter also exhibit a 
very faintly granular investing membrane. A similar distortion of the 
yolk-cells may be produced by dilute acetic acid, but this does not dis- 
solve the suspended matter. I3ut if {he yolk be acted upon by concen- 
trated acetic acid or a dilute*solution of potash, the membranes of the 
yolk-globules likewise disappear, whilst a very finely granular substance 
alone remains visible, together with yellow-colored fat. The yolk-glo- 
bules behave, therefore, precisely the same as the milk-globules (see vol. 
i. p. 341), the only e^ential difference being that the fat may be com- 
pletely extr*actcd from the yolk, even without the application of acetic 
acid, potash, hydrochloratc of ammoniit, &c., although this may certainly 
be moi'c rapidly effected by the application of hydrochlorate of ammonia 
or similar means. When we examine the yolk under the microscope, 
after the fat has been as far as possible removed by ether, we find that 
the minvte granules are no longer scattered, but conglomerated into 
larger masses or aggregations, which are in a great measure dissolved by 
hydrochlorate of ammonia, acetic acid, and caustic potash, leaving only 
very fine, scarcely perc^tible granules and flakes, which impart to the 
fluid a general opalescent or whey-like appearance. 

I made numerous experiments, eight or ten years ago, on the constitu- 
tion of the fluids of the egg, and the changes they undergo during the 
period of incubation, but deferred the publication of my observa- 
tions, because the state of science at that time did not furnish the means 
of re|:4yiDg to the questions which I had propounded. I have unfortu- 
nately ,been prevented from repeating these experiments, which I the 
more regret, as the early*observations of a mere beginner, conducted by 
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means of the imperfect methods then in use, are but ill adapted to aid in 
criticizing Gobley’s recent experiments, which undoubtedly call for a 
rigid scrutiny in respect to several special points. 

The ova of amphibia and fishes contain the so-called yolk-plates, or 
tablets, which have in part square, and in part other crystalline forms, 
and very frequently present a distinctly stratified appearance. Histolo- 
gists (Bergmann) have long been acquainted with these bodies, and have 
usually regarded them as fat (stearin). Virchow* has recently submitted 
them to a more exact fnicro-chemical examination, and has shown that 
they cannot belong to any of the known fats, but very probably consti- 
tute a new substance, which has considerable similarity to the protein- 
bodies, especially in their relation towards nitric acid and Millon's re- 
agent. According to Virchow these plates remain undissolvcd in ether 
and boiling alcohol, although they swell in both fluids, become pale, and 
sometimes burst into several pieces ; tbe same observer found that they 
behaved in a similar manner towards acetic acid, dilute mirioral aci4land 
alkalies, chloroform, glycerine, &c. The square tablets thus become ob- 
long, or often oval. They dissolve in concentrated acetic acid and 
caustic alkalies, merely leaving small membranous particles or larger pale 
flakes. 

We are unable to determine the constitution of the spherical, cell-like 
fat-corpuscles of the yolk, as we have as yet neither the mechanical or 
chemical moans necessary for the complete separation of the intorotsllu- 
lar fluid. 

They contain, as far as we are at present able to determine, scarcely 
anything hut fat ; which, however, is intermixed with the phosphorizod 
matters of the yolk-fit. Such, at all events, seems to bo the case, if wo 
may jvidge by the following experiment. On repeatedly shaking the 
yolk with ether, we find than the portions t>f fat first extracted contain 
little or no substance yielding phosphoric acid, while those portions 
which have been the latest extracted by shaking the yolk with ether 
yield, on incineration, a very large quantity of the superphosphates of the 
alkalies and of lime. This difference in the qifanlaty of phosphorus 
contained in the different portions of the fat is not observable when the 
yolk has been previously treated \fith hydrpchlorate of ammonia, acetic 
acid, or potash. If the investing membranes of the yolk-globules were 
completely impervious to ether, this substance, when pure, would only 
extract fat free from phosphorus, whilst hydrochlorate of ammonia and 
similar substances would extract a fat containing phosphoruss^ (Even 
the milk-globules are not entirely impermeable, and are distorted by 
ether, although less fat is abstracted from them than from the yolk-glo- 
bules when acted upon under similar relations.) • 

The pigments of the yolk form, together with the non-phosphorized 
and phosphorized fat, a principal part of the contents of these cell-for- 
mations, in which I have been unable to trace a nucleus or' anything ana- 
logous to such a structure ; at all events, when the yolk-cells have been 
treated with hydrochlorate of ammonia, they are invariably found to 
acquire a more intensely yellow color than the fat-globules which have 
no investing membranes. They certainly are generally much larger 
* Zeitsebr. f. wlssenscb. Zool. Bd. 4, S. 236-241. 
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than the latter, and must, on this account, also appear more highly co- 
lored: some of the fat-globules are, however, wholly devoid of color. 
According to these observations, the yolk-globules must occupy an inter- 
mediate place between the milk-globules and the blood-corpuscles ; ap- 
proximating most nearly to the former in their abundance of fat, and to 
the latter in the quantity of phosphoric acid which they contain, and in 
their ferruginous pigment. 

Since we are as yet unable distinctly to define the differences existing 
between the chemical constituents of the yolk-glolwles and those of the 
intercellular fiuid, we will merely take a general view of the respective 
elements of the yolk. 

We have already spoken (in vol. i. p. 325) of vitellin, the most impor- 
tant albuminous constituent of the yolk. We did not then venture to 
depart from the ordinary view which regards the vitellin as a special 
kind of protein-body ; but yet, however averse we are from making any 
assei^^n in reference to the supposed identity of similar bodies, we can- 
not withhold our opinion that the so-called vitellin is nothing but a mix- 
ture of albumen and casein. The amorphous, dark granules of the yolk 
consist of pure casein free from alkali, but which is as rich in phosphate 
of lime as ordinary casein. The true intercellular fluid of the yolk contains 
no casein, and simply dissolved albumen which is poor in alkali. It must 
be observed in the first place that it would be incorrect to maintain that 
the vitellin is coagulated by ether ; for on repeating the experiment (as we 
have often done) by shaking the fresh yolk with ether and water, we find 
that under the fatty and yellow-colored stratum of ether, there is formed 
a white and somewhat viscid mass, which has erroneously been regarded as 
coagulated vitellin. When these flakes are collected on the filter, after 
the removal of the fat and the ether, and are rinsed as long as the fluid 
which passes through the filter exhibits any opalescence on being heated, 
there will remain a mass perfectly similar to the casein prepared according 
to the directions of Rochelder and Bopp, (see vol. i. pp. 337, 338), and 
which contains in addition to the true casein some .portion of albumen 
which is very poor.in Salts. This albumen will be precipitated by diluting 
the yolk-fldid with water, precisely as we observe in the case of white 
of egg and blood-serum. !!^i8 substance possesses all the properties 
ascribed to casein (vol. i. p. ^3), as we find from its behavior towards 
acids and alkalies, and the alkaline, earthy, and metallic salts. We 
would simply observe that this substance dissolves even in very dilute 
solutionEf of hydrochlorate of ammonia, chloride of sodium, sulphate of 
soda, &c., leaving only a small residue (consisting of a little fat and of the 
investing membranes of the yolk-globules), which renders the fluid opa- 
lescent. Acetic acid renders this solution very turbid, and boiling has a 
similar effect in a less degree. The substance separated by boiling is the 
albumen, which had been precipitated by the dilution of the yolk with 
water, and whibh has been again dissolved by the hydrochlorate of am- 
monia, &c., at the same time with the casein. All these concurring 
similarities between casein and the substance of the yolk, would not, 
howdver, have led us to regard this substance as casein, if it did not 
further possess the property so peculiarly characteristic of casein, of 
^ing completely coagulated hy rennet. Thus, for instance, if renHiet 
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be added to this substance whon dissolved in an extremely dilute so- 
lution of hydrocblorato of ammonia or soda, a dense casein-like coagu- 
lum will be formed in about two or three hours, at a temperature of about 
30° C. As the sugar must have been entirely removed by washing, it 
cannot be supposed that this substance can in any way have contributed 
by its metamorphic action to the formation of this coagulum. One hun- 
dred parts of this substance in the dry state yielded 5‘044 of ash, which 
consisted almost exclusively of earthy phosphates and carbonates. 

In characterizing as casein this substance, which has hitherto been 
considered to be of a special nature, wo do so with the reservation that 
this identity must be only conditionally accepted until we have j^etter 
means of establishing the presence of casein, more especially as we 
know, on the one hand, that casein itself is probably a mixture of seve- 
ral substances (containing here, as in the milk, at all^vents the investing 
membranes of fat-cells), while, on the other hand, we can gain little or 
no information from elementary analyses as to the difference of id|ptity 
of protein-bodies. 

I found ]3’y32X of such casein in 100 parts of yolk-fluid (precipitated 
by acetic acid from a solution of hydrochlorate of ammonia). The quan- 
tity of matter insoluble in the solution of hydrochlorate of ammonia (the 
investing (nembrancs) amounted only to 0’459g. 

The albumen of the yolk is contained in the fluid that is obtained by 
washing the casein which is insoluble in pure water ; on boiling, it coagu- 
lates in flakes — a proof that nothing is contained therein, but an Slbu- 
minatc, since in all other properties it resembles ordinary albumen, and 
is neither precipitated by acetic acid, nor coagulated by rennet. Of al- 
bumen of this nature, which is soluble in pure water, I found 2’841g in 
the fluid of the yolk ; while of sudi as remained undissolved with the 
casein, and was only quantiiatively determined after the precipitation of 
the casein by acetic acid, there was 0*892}{. Prout found 17g, and Gob- 
ley 15‘768 of vitellin in the yolk; this vitellin consisting of a mixture 
of casein, albumen, and investing membranes. 

In addition to the’ above-named protein-bodies, we fijjd in the yolk both 
of fishes’ and birds’ eggs, a number of substances soluble) in^ther which 
arc fats, or, at all events, on decomposition, yield acid and neutral fats, 
and contain in solution two pigments. Th% whole amount of thqso aub- 
Rtances soluble in ether was found by Prout to be 29^, aftd by Gobley to 
be 80'4688, while I found on an average, as much as 31’14G8. Sulphur 
has not been found in the yolk-fat either by Gobley or myself neither 
the alcoholic solution of the yolk-fat, nor the water in which the fat has 
been warmed, reddens litmus. 

In the examination of these fats, the first vibstances to notice arc 
olein and margarin, whose quantity Gobley estimates at 21*3048. 

, It has been generally assumed that cholesterin is present in the yolk, 
and Gobley has even determined it quantitatively, and found that it 
amounted to 0*4388. The evidences of its presence are, however, not at 
all decisive, even though the fusing-point of the unsaponifiable fat ob- 
tained by Lecanu from egg-oil coincides with that oP cholesterin, being 
145° C. At all events, I have never been able to convince myself, by a 
measui’ement of the angles of the crystals which have been assumed to be 
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cholesterin, or by any other means, this liquid was actually present : the 
crystalline tablets of this substance form, for the most part, not rhombs, 
but compressed parallelepipeds, whose angles are different from those of 
cholesterin ; while the cholesterin-tablets generally present re-entrant 
anglds, in these elongated tablets the acute angles are obliquely truncated. 
These crystals separate on gradual evaporation from the ethcreo-alcoho- 
lic solution in feathery groups. They fuse more readily than those of 
cholesterin. The circumstance of their appearing to dissolve readily in 
cold alcohol, when they are still mixed with yolk-fat, would afford no 
proof of their non-identity with cholesterin, since it is a well-known 
property of the latter to dissolve freely in cold alcohol, in the presence 
of oily fats and soaps. 

I am still doubtful whether margaric and oleic acids are contained in 
fresh yolk-fat ; they may be unquestionably detected in it after exposure 
for some time to the air. Gobley considers that both these acids, toge- 
ther .with glycero-phosphoric acid, are formed by the decomposition of 
an indifferent matter, to which he has recently applied the term lecithin. 

This lecithin has not yet been obtained by Gobley in an isolated and 
perfectly pure condition : it separates from the ethereal extract of the 
dry yolk, on the evaporation of the ethef, in the form of a matiere 
trisqueuse, to whose investigation Gobley attaches a very great value, 
although most other fats, when similarly treated, yield a physically 
similar, although chemically very different matiere visqueuse. I have 
bcch unable to discover any peculiai’ity in it ; for all oleaginous fats 
yield, under favorable conditions, a similar mass, which consists essen- 
tially of margarin with a little olein. It is, however, true that the sub- 
stance which contains the phosphoric acid occurs in that portion of the 
fat which first separates from the ethereal solution during evaporation. 
This substance, mixed with oiein and margaijn, and likewise with another 
matter, to which Gobley has applied the term cerebrin, is, according to 
his later researches, a perfectly neutral body, which, when treated with 
mineral acids or alkalies, both in its aqueous and alcoholic solutions, 
and even when ^he .access of atmospheric oxygefi is excluded, yields 
glycero-phesphonc acid, together with oleic and margaric acids. If in 
this process an organic be substitutec^ for a mineral acid, the same action 
takes j>lace, but less readily. Gobley found 8"4268 of lecithin in the 
yolk of egg. 

Cerebrin is obtained by treating the matiere visqueuse with alcohol 
and an acid, and allowing it to stand undisturbed ; it then separates as 
a white, soft mass, which corresponds with Fremy’s cerebric or oleophos- 
phoric acid : it also is neutral, contains nitrogen and phosphorus, swells 
in water like starch, |ind fuses at a high temperature : in its isolated 
state it is insoluble in ether, dissolves readily in alcohol, and combines 
freely with metallic oxides ; if it be again dissolved in spirit of wine, it 
loses phosphate of lime, and reddens litmus. 

We shall treat more fully of these substances when we consider “ the 
brain and spinal cord and, in order to avoid unnecessary repetition, 
we sh 9 .ll postpone to that chapter a notice of our own experiments and 
observations. 

Twb pigments were discovered by Chevreul in the yolk — a yellow and 
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a red one ; both may be extracted with cold alcohol ; the red one, wdiich 
contains iron, is less readily soluble in ether than the yellow one, in 
whicdi that metal is not present : when perfectly freed from fat, they 
appear 4o be all but insoluble in ether ; neither of them has, however, 
been carefully examined. . 

Whether the organic acid which occurs in the yolk is lactic acid^ is 
very doubtful ; at all events, its presence is by no means established from 
the little that Gobley tells us on the subject. 

Although Gobley has convinced himself that the constituents of the 
yolk which contain phosphorus are not in combination with ammonia, he 
yet assumes that hydrochlorate of ammonia^ to the extent of 0'034g, is 
present in that fluid. 

With regard to the mineral substances^ we find in the ash of the yolk 
the ordinary salts of animal substances, but they occur in very different 
proportions from those in which we ordinarily find them. The com- 
pounds of potassium preponderate considerably over i^iose of sodium, 
and, according to Polcck,* the chlorides are entirely absent ; but, on the 
bthcr hand. Rose and Weber* have more recently found that, at all 
events, some chloride of sodium (namely, 9-123 tbe inorganic matters) 
can bo detected in the yolk, if the organic matters have not been 
destroyed either by carbonization or by incineration. Only monobasic 
phosphates can be discovered in the ash prepared according to Rose’s 
method, and in this Poleck found from (50-7 to 67*83 of phosphoric acid, 
and Weber 70*923 ; a little peroxide of iron (1*453 of the ash), tftid a 
small quantity of silica (0-553 of the ash) were also found in the yolk- 
ash. if wc call to mind the composition of the corpuscles, we cannot 
fail to be struck with the great analogy that exists between the nature 
of the salts occurring in the blood*cclls and in the yolk ; and we shall 
almost immediately see thaj:, on the other Jiand, the composition of the 
salts in the white of the egg approximates in a similar manner to that 
of the salts of the serum. 

We repeat that Gobley has found precisely the same substances, in 
almost the same proportions, in the eggs of fishes, ’^hicii. like those of 
most animals, consist only of yolk, and are not surrounded with a special 
layer of albumen like birds’ eggs. 

In thirty hens’ eggs I found 466-2 gralnmes of yolk ; hence, an egg 
contains, on an average, 15*54 grammes of yolk; while ‘Poleck obtained 
427*361 grammes from twenty-nine eggs, according to which an egg 
would contain 14*758 of yolk. The amount of water in the yolk of fresh 
eggs is liable to considerable variations ; it fluctuates from 48 to 553. 
The inorganic matters in the yolk amounted, according to Poleck, to 

1 - 6238 ., 

We will here add, for facility of comparison, tne quantitative relations 
of the albumen or white of hens’ eggs. In thirty eggs I found 690*3 

f rammes of albumen, or, on an average, 23*01<i.grammes in each egg ; 

’olcck found 719*742 grammes in twenty-nine eggs, and hence, on an 
average, 24*8 grammes in one. Moreover, the quantity of water in the 
white is very variable, fluctuating between 82 and 8^ On an average, 
I found 13*3168 of solid constituents in the fresh whwe. The inorganic 
' Pogg. Ann. Bd. 79, S. 155-161. « Ibid. p. 398-429. 
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constituents amount to from 0*64 to 0’68g of the white ; according to 
Poleck, to 0*658. In the dried residue I found, on an average, 8*042-8 
of fusible ash. 

In the ash of the white the soluble salts preponderate considerably 
over the insohihle^ while in the ash of the yolk the reverse is the case ; 
the excess of the soluble salts in the ash of the albumen principally 
depends on the considerable quantity of chlorides, which amount to 
50*458 (or according to Poleck to 41*928 of chloride of potassium and 
9*168 of chloride of sodium). Soda, in combination with acids, occurs 
in the white in far greater quantity than in the yolk (amounting in the 
former, according to Poleck and Weber, to 23*04, and in the latter to 
5*12, or at most, to 5*708); while the proportions of the potash-salts are 
exactly reversed (for in the white we have 2*86, and in the yolk 8*60, 
or even 8*988 of potash). Phosphoric .acid is only present in small 
quantity in the ash of the white, amounting to 4*838 > carbonic acid 
(from 11*6 to 1#058) and a little sulphuric acid (from 1*40 to 2*638) are 
also present. Silica occurs in almost the same quantity in the ash of 
the white (0*498) peroxide of iron is present 

in smaller quantity (from 0*34 to 0*448), 

magnesia (there being 1*748 of the former and 1*608 the latter) ; 
while in the ash qf the yolk the earths are six or seven-fold increased, 
with a great preponderance of the lime, there being 12*218 of lime and 
2*078 magnesia. All these relations point to a determinate object in 
the distribution of the inorganic matters amongst the cells and the inter- 
cellular fluid of the animal body — a point of view which we shall find 
to be highly important in the consideration of the history of develop- 
ment. 

We may readily convince ourselves of the presence of carbonates in 
the white of fresh eggs, by placing a little qf this substance under the 
microscope, and adding acetic acid ; we may then often perceive an ex- 
traordinarily great development of gas. The quantity of these pre- 
formed carbonates appear, however, to be very variable, and is probably 
dependent on the longer or shorter time during which the egg has been 
exposed to *fche air ; it is possible that the carbonic acid obtained from 
the atmosphere may abstract a portio^j of the base from the albuminate 
of sod|i. 

Free gases are contained both in the white and in the yolk, as in all 
animal fluids. 

According to my analyses, fresh white of egg contains 12*2748, and 
the dried white 92*2938 of albumen (determined in accordance with the 
rules laid down in vol. i. p, 304). We must refer to vol. i. p. 299, for 
a notice of the differenpe between the albumen of the egg and of the 
blood-serum. 

The white of egg is by no means free from fat, although this substance 
is only present in extremely small quantity. On examining fresh white 
of egg under the microscope, we discover at intervals small granules, 
with three or four projecting teeth or points, which are obviously com- 
posed -of margarij^ If further we extract dried white of egg with ether, 
we sometimes, bw not always, obtain a light azure solution ; the fat 
which remains after the evaporation of the ether consists of olein'and 



ANALYSIS OF THE WHITE. 


81 


margarin, but also contains oleatc and margarate of soda, if any alcohol 
has been present in the ether which has been used : it is precipitated 
from its alcoholic solution by acetate of lead ; when isolated and incine- 
rated, it leaves an alkaline ash which effervesces with acids. 

We have already seen (in vol. i. p. 258) that the white of egg ordi- 
narily contains normal sugar; from the determinations which have 
hitherto been made, it appears that in the dry residue of white of egg 
there is about 0*5g of sugar (as calculated from the carbonic acid deve- 
loped after the induction of fermentation). 

The number representing the extractive matters of the white after the 
deduction of the fat, the sugar, and the salts, is not large ; I found 
3*143g in its solid residue. 

It is worthy of notice, that a little albuminate of soda passes over 
into the alcohol-extract as well as into the water-extract, if we do not 
previously neutralize the white, and hence we may readily obtain an ap- 
parently larger quantity of extractive matters ; the acetic acid, in com- 
bination with the alkali of the alcoholic extract, should consequently be 
deducted in the determination of the extractive matters. 

Although the white of egg is a substance that falls tinder our daily 
observation, there docs not as yet exist any good analysis of it ; for 
certain precautionary measures arc requisite for its examination, which 
have not been sufficiently attended to. The gelatinous white, as wo obtain 
it from fresh eggs, is not merely an albumen or an albuminate of soda 
swollen with w'ater, together with some adhering fat and an admixture 
of soluble substances, but it likewise contains insoluble membranous 
parts ; we here refer not oidy to the chalazas, but also to the delicate, 
texturcless, only faintly granular membranous sti’uctures which cross the 
white in various directions, and so enclose it that, even after its careful 
removal from the egg, it always retains the aj^pearance of a tolerably con- 
sistent mass. These delicate membranes possess the same refractive 
power as the white that is enclosed within them ; and hence they do not 
become visible till after the addition of water. It must not, however, 
be supposed that all the flakes which become separated jjn the admixture 
of water and white of egg, are merely these previously invi®blo mem- 
branes, for the albuminate of sodo^ of the egg, like that of the blood- 
serum, separates by strong dilution with water into an albuminati; rich 
in alkali, and into albumen poor in alkali ; the latter inci^ases the inso- 
luble ijart of the albumen that has been modified by water. We may 
readily convince ourselves on this point, by the addition of a neutral 
alkaline salt, as for instance, chloride of sodium or hydrochlorate of am- 
monia, to albumen which has been thus treated, and has become almost 
white and opaque from the separated flakes ; a \ery great part of the* 
turbidity then disappears, and we can now perceive, on a microscopic 
examination, that the portion which still remains undissolved con- 
sists merely of the prolongations of the chalazse and the membranous 
parts. Hence, in order to determine with accuracy the quantity 
of the true albumen in the white of egg, a quabtity of the latter 
(perfectly fresh, and weighed in a closed vessel) muaMn carefully tri- 
turated in a mortar ; the watered white of egg is qK to be poured 
into a cylindrical glass, and to be diluted with fifteen or twenty times its 

TOL. II. 6 
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quantity of water. Without this very free dilution, the albuminous solu- 
tion can hardly be filtered, and even then it will often not pass through 
the filter in summer at a liigh temperature, when formations of byssus 
and vibriones so readily occur. After the whole of the fluid has been 
placed upon the filter, it is advisable at once to treat the residue with an 
aqueous solution of hydrochlorate of ammonia, and then to thoroughly 
wash it. The hydrochlorate of ammonia not merely dissolves the albu- 
men which was precipitated by the water, but it likewise has the effect 
of alloAving the whole of the albumen to coagulate on sub8ec[uently boil- 
ing the filtered fluid; it supersedes the acetic acid that is generally 
recommended, since there are formed chloride of sodium and albuminate 
of ammonia, which latter parts with its ammonia on boiling, perfectly 
coagulates, and forms a coagulum which may be readily collected on a 
filter. 

The/nt of the white of egg, like the extractive matters and the sugar, 
must be detected and quantitatively determined by the methods which 
have been already described in their appropriate places. 

The presence of preformed alkaline carbonates can only be de- 
termined by the same method which has been already described as appli- 
cable to the blood and to transudatious (see p. 54) ; when they have 
been determined, we may readily find a means of calculating the quantity 
of alkali in combination with albumen. Unfortunately, however, in con- 
seqiieriqe of the varying proportions in which the alkaline carbonates, 
and the alkali in combination with albumen, exist in different eggs, the 
determination H that have been made are so various, that as yet we have 
not succeeded in determining a definite ratio of the alkali to the albumen, 
or of the alkaline carbonates to the albuminate of soda. 

The analysis of the yolk also prtjscnts its difficulties, some of which 
cannot be altogether overcome. Tlic yolkicorpuscles are the less easily 
separated mechanically from the rest of the fluid, in consequence of the 
simultaneous presence of free granules of undissolved vitellin and fat- 
globiilos. I have found the following to be the best method of proceed- 
ing with the anajysi» ; as in the examination of animal fluids generally, 
we must first ascertain the amount of solid residue and of salts ; the 
latter must, however, only be deterniined by Rose’s method, since by the 
applieation of a strong red heat for the purpose of incinerating, we 
should unque^^tionably lose a portion of phosphoric acid. To determine 
with any degree of accuracy its albuminous constituents, the uninjured 
yolk must naturally be in the first place freed from adhering white, by 
repeated but quick rinsing. The fluid of the ^olk, which must now be 
allowed to escape from its membrane and very readily dries, must be 
•weighed and shaken .with ether as long as it continues to impart the 
faintest yellow tint to that menstruum. The remaining watery albumin- 
ous fluid then forms a white semi-solid mass ; this must be shaken with 
water, which takes up a great part of the albuminous matter ; its quantity 
is determined by boiling; the fluid which is poured away from the coagulum 
is evaporated, and the residue is extracted with alcohol ; and the quan- 
^tics of the widUllextract and of the alcohol-extract are thus determined ; 
this, however, Hl^es only as a check for the other method, according to 
which the quantity of the extracts is determined from the solid residue 
of the whole fluid. 



ANALYSIS OF TTIK YOLK. 


88 


A large proportion, however, of the albuminous constituents of the 
yolk, comprising the casein and some albumen devoid of alkali, remains 
undissolved in water ; this portion is now to be treated with a dilute 
solution of hydrochloratc of ammonia, by which the yolk-granules which 
are visible under the microscope, the casein, and the albumen that has 
been precipitated by water, are dissolved. The solution of these sub- 
vStances is heated, which precipitates the albumen ; and the casein-con- 
taining fluid, after the separation of the albumen by filtration, is then 
carefully treated with dilute acetic acid, which precipitates the casein ; 
or conversely, the casein is first thrown do4n by acetic acid, and the albu- 
men is subsequently precipitated by boiling, after the neutralization of 
the acetic acid by ammonia. In order, however, to remove all protein- 
matters from the fluid, it is necessary that the filtered fluid should be 
evaporated to dryness, and the residue freed from hydrochlorate and 
acetate of ammonia by rinsing with cold water. It is only further neces- 
sary to refer to the rule laid down in vol. i. p. 600, that all albuminous 
substances, after being thoroughly washed with water, should also be 
treated with boiling spirit, in order to remove any adhering matters 
which are insoluble in water, but soluble in alcohol. This is especially 
necessary in the case of vitellin, since this substance, when obtained in 
the above-mentioned manner, is seldom altogether free from fat. 

The white flakes that are insoluble in the solution of hydrochloratc of 
ammonia, and consist for the most part of the membranous im>gstmsnts 
of the yolk-gl^bulcs, must bo washed with distilled water to remove the 
hydrochlorate, and must then be dried and weighed. 

The supar must be determined from the alcohol-extract (after i* has 
been freed from fat), cither bv fermentation, or bv Fehlinff and Trom- 
rncr’s method. 

Jjaetie acid, even when k is actually present, occurs in such small 
quantity, that we can scarcely hope to be able to determine its amount. 

To determine the quantity of the, fat and of the jyhosphorized matters, 
we must evaporate the yolk-fluid and dry it at 110°, before wo extract it 
with ether. An accurate separation of the different Substances soluble in 
other is at present impossible ; W’c shall, however, refer somewhat fully 
to the methods of separating and rfjuantitatively determining the phos- 
phorized substances of the fats, of the salts of the fatty acids, sRid of 
certain lipoids, when we treat of the cerebral and nervous tissues, since 
the phosphorized matters there fall especially under our notice. We 
have already (in vol. i. p. 220) indicated the general method of distin- 
guishing the neutral fats, from the fattv acids, and of separating them 
from each other. 

We refrain from offering any remarks on the physiological importance 
of the individual constituents of the yolk, since this subject will be fully 
noticed in the history of development. It is certainly no rash conclu- 
sion to believe that in the egg the animal substrata are deposited in a 
condition ready for the formation of cells and tissues, and to base our 
view of the metamorphosis of food into organized matters on the consti- 
tution of the egg and the development of the embryo i||it. Wc should 
hence be guilty of useless repetition if we were, in this chapter, to dis- 
cuss the importance of each individual constituent of the egg in relation 
to the history of development. 
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There is scarcely any animal fluid within the entire range of the 
theory of the juices that has been so little investigated, in a scientific 
point of view, as the mucus ; and the reasons of this are sufficiently 
obvious. In the first place, the expression “ mucus” has a very vague 
signification ; for although the proposition has been advanced, that the 
secretion of the mucous membranes alone is to be regarded in the light 
of mucus, we yet find, that under certain conditions there is secreted in 
the animal organism a limpid, viscid juice, having all the characters of 
mucus, without however being secreted from a true mucous membrane 
with the so-called mucous follicles. We need hero only refer to the 
mucous contents of certain cysts, which yield, according to the investi- 
gations of Virchow' and Rokitansky,* all the reactions which have been 
regarded as characteristic of normal mucus. Several colloid abnormal 
as well as normal structures, as, for instance, the gelatin of Wharton, 
become converted into a fluid, which cannot bo distinguished by any 
iieaction from normal mucous juice. Another and still more imj)ortant 
ground for the silence of chemists in reference to the constitution of 
mucus is, that the normal mucus is always so filled or interspersed with 
morphological elements, that it cannot be obtained in a purely chemical 
condition. In the present state of analysis, we are unable to separate 
these structures from the actual mucous juice, and we cannot prosecute 
a satisfactory chemical investigation of this substance, except in those 
rare cases in which a mucous juice is secreted which contains few of 
those cells, either from their originsd scarcity, or from the facility with 
which they may incidentally be removed ^om the fluid. These cases, 
as we have already observed, arc rare, and the question even then re- 
mains, whether the substance we are investigating is perfectly identical 
with the mucous juice. May wo venture, on the strength of some few 
^coincident reactu)ns,»to pronounce upon the identity of juices springing 
from such *fliffcrent sources, whilst we think ourselves justified in sepa- 
rating globulin from albumen, an^J vitellin from casein? Can we 
re-establish, by means of alkalies, certain combinations with albumen 
and fibrin, whfch will exhibit all the physical and many of the chemical 
properties common to mucus ? What difierences, moreover, exist in the 
properties and characters of perfectly genuine mucus, which has origi- 
nated from different mucous membranes? We do not here refer to the 
acid or alkaline reaction, or to the admixteffe of different cells, but 
simply to the different^ capacity for exerting a digestive action with acids 
on animal substances. But even if the chemist should succeed in over- 
coming all these difficulties, his labors would be of no avail, in conse- 
quence of the impossibility of obtaining the fluid in a normal condition ; 
for this juice is secreted in such small quantities on all the mucous mem- 
branes, as long as they continue in a normal state, that only the merest 

' Yerhandl. der Aksellsch f. GebnrtsliUlfe in Berlin. 1848. Bd. 8, S. 208. 

*'Kur Anatomie dca Kropfea. Wien, 1849, S. 11, reprinted fVoni first Tolume of 
Benkschriften der mathem. naturwiss. Classe d. kaia. Akad. d. Wiasenaoh. 
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traces of it can be obtained. We also know how easily the mucous 
membranes may become diseased, and how much the mucus differs in 
these cases from the normal secretion. Daily experience shows how 
rapidly the number of the so-called mucus-corpuscles increases with the 
slightest irritation of the mucous membrane ; and we know from the re- 
searches of Julius Vogel, that an irritated mucous membrane secretes 
not only such corpuscles, but also an albuminous, coagulable matter, 
however much it may be disposed to form true transudations and exuda- 
tions. A proper consideration of ajl tliese circumstances furnishes an 
excuse for the neglect of chemists towards a subject whose investigation 
is so desirable both in a chemical and a physiological point of view. 
Then, moreover, the question regarding the mode of formation of this 
juice has not been decided by physiologists ; for whilst in most mucous 
membranes, special organs, the so-called mucous follicles, have been re- 
garded as the source of the mucus, there are also mucus-secreting mem- 
branes, which arc entirely devoid of these follicles, — as, for instance, 
those of the antrum Ilighmorianum, the frontal and sphenoidal sinuses, 
the cavity of the tympanum, the ovmla Nabothi, the synovial sacs, and 
finally, abnormal formations, as hygroma, cysts, &c. Hence the source 
of the mucus cannot be referred, or at least, not exclusively, to the 
glandular organs of the mucous membranes. Tilanus’ drew attention to 
the circumstance that all these membranes are invested with an epithe- 
lial layer, and that the epithelial cells are probably integral coiftpoiltnts 
of the mucous juice, which must therefore stand in a causal connection 
with these bodies. But it would appear from the observations of 
Virchow® and Rokitansky,® that the colloid inattcr of cysts of the thyroid 
gland, and of the liver, kidneys, and ovary, may bo converted into a 
substance very similar to, or even identicqj with the mu^us, no epithe- 
lium being present in it. fn the same manner as permanent cartilage 
may be converted into glutin, the gelatin of Wharton is readily con- 
verted into mucus (Virchow).^ 

We will now briefly consider the various histohyjlcal elements which 
are blended with normal and abnormal mucus. 

Normal mucus is never free from the epithelium of the mucous mem- 
brane from whence it has originated, and may, indeed, be said to jonsist 
almost entirely of epithelium, which appears to be only held together 
by means of a pellucid juice. This is as much the case with the mucous 
membranes which are invested with pavement epithelium, as with those 
which exhibit the cylindrical or ciliated structure ; the cilia of the latter 
arc, however, in gencrad thrown off, so that wo can rarely find perfect 
ciliated epithelium even in abnormal secretions. 

According to the assertions of several observers, muctis-corpugcles do 
not occur in normal mucus ; but some of those bodies may always be 
found on carefully examining the expectoration from the mouth, the 
normal inucous cloudy sediment in the urine, or the solid excrements. 

* De saliva et muco, spec. inaii[];ur. Amstolodami, 1849, p. 66-75. 

* Arch. f. path. Anat. u. Physiol. Bd. 1, S. 115. 

® Ueber d. Cysten. Wien, 3849, S. 20, reprinted from the first Volume of Penkschr. 
d. math, naturwiss. Classe d. ka,is. Akad. d. Wissensch. 

^ In a private communication. 
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Although the mucus-corpuscles, •which have justly been regarded as 
abortive epithelial cells, exhibit no distinct differences, either in a mor- 
phological or even in a micro-chemical point of view, from the ordinary 
pus-corpuscles ; yet it cannot be denied that it requires the aid of water, 
or acetic acid, to bring into view the nuclei both of the normal and 
sparingly dispersed mucU|^-corpuscles, and of those corpuscles which are 
secreted from the mucous membrane during catarrh ; in this case, how- 
ever, the nuclei present one or more fissures. The mucus in blennor- 
rhoeal discharges contains little epithelium, and consists almost solely of 
mucus-corpuscles which are suspended in a greater or less quantity of 
viscid intercellular fluid. No essential difference can be observed 
between it and pus, in so far as either the collective fluid or the cells 
are concerned. 

In the so-called exudative, or croupous inflammations of the mucous 
membrane, we constantly find fibrinous coagula, which frequently bear 
the impress of the cavity, or canal, from which they have originated ; 
and at other times appear in the form of small, fibrous flakes, inter- 
spersed with mucus- or pus-corpuscles. These bodies occur in the 
expectorated mucus in diphtheritis, pneumonia, Bright’s disease, dysen- 
tery, and similar affections of the mucous membranes. In these cases 
blood-eorpuscles are also found to be present. 

When the inflammation of the mucous membrane has ceased, and an 
exudatidn of a croupous nature is no longer separated from the canal, 
certain changes generally occur, which in the ordinary course of the 
process give occasion to the formation of pus-corpuscles, and during the 
slower resolution of the exudation, tend to the development of the in- 
filammatory globules or granular eeVs. Histology shows -us that these 
morphological elements vary considerably in size and form. We would 
here, however, draw attention to the fact, that a species of such granular 
cells occurs in the mucus, and more especially in the bronchial mucus, 
Avithout having been preceded by any croupous inflammation of the 
ipucous membrane. ,{They occur, for instance, in the tenacious, thick 
mucus, whi«h is ''expectorated in the chronic bronchial catarrh of aged 
persons.) Under such circumstances, there is only a small quantity of 
mucous juice in addition to the graiiular cells and masses, and rarely 
any other morphological elements; the granules of the cells are in 
general much larger than those of the usual inflammatory globules, and 
resemble the nervous tissue in their strong refracting power. In many 
respects they bear a resemblance to the corps granuleux of the milk. In 
addition to thesci there occur concentrically striated corpuscles, which 
often present the size and form of the granules of potato starch, and 
greatly resemble them.’’ They are probably identical with HastaVs cor- 
puscles^ found by Henle* under similar conditions. 

It is well known that such sputa are often of a gray, or sooty color, 
exhibiting in many cases steel-gray, highly glistening cilia, 'Which are 
visible to the naked eye. These cilia may be readily isolated by a 
needle or scalpel, and when brought under the microscope the appear- 
ancb they present is simply that of closely crowded granular cells of 
the kind above described, except that they exhibit no trace of pigment- 
* Zeitschr. f. rat Med. Bd. 7, S. 411. 
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molecules, or of black, or dark-colored masses. I do not know how to 
explain this phenomenon, except on the supposition that all the light 
has been absorbed by the densely crowded and strongly refracting cells, 
in the same manner as we observe that many metallic sulphides which 
appear black when observed in masses by the naked eye, exhibit nothing 
more than a mass of strongly refracting globules, when seen in a finely 
comminuted form, under high magnifying powers. The black, sooty 
color has frequently been ascribed to lamp smoke, or to finely com- 
minuted coal-dust, which has been inhaled ; but although I have never 
been able to detect anything of the kind, I would not, on that account, 
deny that under certain conditions, as, for instance, in colliers, smiths, 
&c., coal-dust may become mixed *with the bronchial mucus. Many of 
the experiments instituted in relation to this subject arc hardly worthy 
of confidence. 

Free^at occurs in almost every kind of mucus, either in the form of 
vesicles or of very minute granules, and either in mere traces or in large 
quantities. 

• Molecular or elementary granules are seldom absent from the mucous 
juice, but they are more decidedly observable when the mucus has ori- 
ginated in a diseased structure, as in tuberculosis or cancer, but more 
especially in typhus, in which the milk-colored sputa appear, when seen 
under the microscope, to be enveloped, as it were, in a veil of very 
fine granules. We still more frequently remark the presence *of such 
granules in intestinal mucus, owing to the favorable conditions aflForded 
for the separation of these molecules by the decomposition of albunil- 
nous substances. 

Ititesiinal atid cellular formations of various shape and size (Valen- 
tin’s exudation-cells), as well as similar elements from the solitary and 
agminated glands, which are fisually found wfthin the mucous membranes, 
are of very frequent occurrence in morbidly secreted mucus. 

Vibriones, microscopic fungoid growths^ and similar organic particles, 
can only be considered as of incidental occurrence. 

Amongst the chemical constituents of the mucus,* mtttin accupies the* 
first place. The presence of this substance imparts to the mucus its 
most important properties ; but, unfortunately, it has never yet been 
completely separated from the above-described raorphologifal subst&nces, 
neither has it been obtained pure and free from other chemical organic 
or inorganic matters. This may be one of the causes why different mu- 
cous juices often behave very differently towards individual solvents and 
reagents. 

Mucin is generally considered as insoluble in water, and as distributing 
itself in a finely-comminuted state through the fluid in which it swells ; 
occasionally, however, as Scherer’ has observed, a mucus is found which 
actually dissolves in water, and may be separated by filtration from the 
morphological substances. The mucous juice does not coagulate when 
exposed to heat, but becomes in some instances more thinly fluid and more 
nearly similar to a true solution. Alcohol precipitates the mucin from the 
fluid m flakes and threads, while dilute acetic acid precipitates it in the 
form of viscid flakes ; if it occurs as a gelatinous mass, it is converted 
* Ann. d. Ch. u. Pharm. Bd. 67, S. 196-201. 
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by the same acid into white threads or fibres. The flakes and fibres are 
insoluble in extremely dilute acetic acid, but they dissolve when treated 
with the concentrated acid and with the aid of heat. The mineral acids 
behave in a similar manner, precipitating the mucin when diluted, and 
again dissolving it very readily when employed in a concentrated state. 
Mucin, on the other hand, dissolves very readily in dilute alkalies, but 
much less speedily in concentrated solutions. Acetic acid precipitates 
a larger quantity from dilute than from concentrated alkaline solutions, 
which is owing to the circumstance, that mucin, if not entirely soluble, 
yet admits of being reduced to a gelatinous state in solutions of alkaline 
salts, when not too dilute. Acetate of potash prevents the mucin in 
these cases from separating perfectlj^ into flakes. Gelatinous mucus is 
frequently, as it were, coagulated by water, which causes it to become 
denser, and to lose its translucent, gelatinous character. This change is 
very probably owing to the abstraction by the water of the alkali or 
alkaline salts to which it partially owes this gelatinous condition. Fer- 
rocyanido of potassium does not throw down mucin from the alkaline or 
the acid solution. (When, as is frequently the case, the mucus is pre- 
cipitated from the acetic-acid solution by ferrocyanidc of potassium, 
albumen or some similar protein-body is probably present with the 
mucin.) When, on the other hand, mucus is boiled with concentrated 
acetic acid, it will be very copiously precipitated by ferrocyanidc of 
polassiQin. Hot concentrated nitric acid colors it yellow, while it is 
changed to a blue color when heated with hydrochloric acid and exposed 
to the air. Tannic acid or basic acetate of lead gives rise to a consi- 
derable precipitate from the aqueous, w'eak alkaline mucous solution, 
whilst nothing beyond a faint turbidity is induced by alum, chromic 
acid, bichloride of mercury, neutral acetate of lead, and other metallic 
salts. 

Several elementary analyses of mucus have been instituted, but they 
can scarcely afibrd us any aid in judging of the composition of the 
mucin, since the epithelium has been included in the substance examined. 
Scherer, who lias alone succeeded to some extent in exhibiting a pre- 
paration in any degree fit for an elementary analysis, found, as the mean 
of three experiments, 52'18 of carbbn, 6'97S of hydrogen, 12‘82g of 
nitrogen, ami. consequently 28*11|| of oxygen. No sulphur was found, 
but there was 4"114g of white ash, which contained some alkaline carbo- 
nates, in addition to a tolerably large quantity of phosphate of lime. 

Scherer obtained this mucus from a sac between the trachea and the 
oesophagus, which was probably an abnormally dilated bursa mucosa. 
The mucus could be filtered when strorfgly diluted with water, so that 
the morphological substances admitted of being removed. The mucin 
was precipitated from the solution by alcohol, and was then repeatedly 
boiled in alcohol and ether. 

We have already referred to the observation of Julius Vogel, which 
admits so readily of confirmation, that the mucus secreted in catarrhal 
irritation of the mucous membrane exhibits a varying quantity of 
albumen. There are also cases in which the normal mucus may contain 
allftimen ; and if we include under the head of mucus, as indeed we 
almost necessarily must, the mucous investment of the stomach, which 
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is intermixed with the gastric juice, we have a mucous juice, which con- 
stantly contains albumen (Buchheim).* I have seen the contents of the 
ovula Nabothi rendered turbid by heating. Tilanus always found albu- 
men together with mucin in the synovia ivithin the joints. The mucous 
fluid of colloid cysts contains varying quantities of albumen, as wo learn 
from the reactions obtained by Virchow and Rokitansky. 

The peculiar substance named fyin, which has frequently be.cn found 
by Guterbock in pus, has been regarded bjr many observers as a con- 
stant constituent of mucus, and even as identical with mucin (Esch- 
holtz).* The erroneous character of such an opinion may, however, be 
readily seen on comparing the properties ascribed to the pyin found in 
pus with those of mucin. 

Fat occurs only in very small quantities in no)‘mal mucus, although 
the quantity increases in proportion to the occurrence of albumen and 
larger (quantities of mucus-corpuscles. Nasse® found G'2t5}i of a semi- 
solid, yellowish-white fat in the solid residue of the normal nasal secre- 
tion, whilst the same mucus contained only 4*448 g of solid constituents. 

The mucus likewise contains extractive matters soluble in water and 
alcohol, but they have not been very carefully examined. The quantity 
of these substances is no doubt increased by the glandular secretions 
which are mixed with the mucus in the stomach and intestinal canal, 
and in this manner the intestinal juice and mucus have frequently been, 
identified with certainty. But the difference between the muep^ an^ the 
glandular secretion eifused upon the intestinal mucous membrane, ought 
to be strictly kept in view. We have already spoken (in vol. i. p. 608) 
of the intestinal juice. 

The free acids frequently found in the mucus are included amongst 
the extractive substances. AndraV maintains that true, pure mucus is 
always acid in a normal stalte ; but although this assertion may be true, 
it has not been proved, nor indeed would it be very easy to do so ; for 
as we are not acquainted with any entirely pure mucus, which may pos- 
sibly be wholly free from any reaction on vegetable colors, we may 
assert, in reference to every mucus which exhibits an<«lkaline reaction, 
that this property may be owing to certain admixtures, consisting either 
of pure transudations from the blood or of special «glandular secretions. 
As may be readily conjectured, no careful investigation has as yet been 
made in reference to the nature of the free acid which ‘occurs, amongst 
other instances, in the secretions of the mucous membranes of the mouth 
and the urinary bladder. 

In considering the quantity of the alkalies contained in mucus, we 
must especially bear in mind that no inconsiderable portion of the soda 
is combined with true mucin, as was observed by Berzelius* in the secre- 
tion from the mucous membrane of the nose, and by Scherer, in the 
abnormally generated mucus above referred to. Nasse also found 
alkaline carbonates together with carbonate of lime in the ash of the 
normal nasal secretion. 

Mucus is very rich in alkaline chlorides, of which Berzelius found 

• Dissert, inaug. Leips. 1846. * Rust’s Magazine, Bd. 10, S. 160. 

* Journ. f. pr. Ch. Bd. 29, S. 69. ^ Compt. reud. T. 20, p, 060-057. 

« Lehr. d. Chem. 4 Aufi. Bd. 9, 8. 531. 
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O'tiGg in fresh nasal nrncus, and Nasse 133 residue of similar 

mucus, which, however, contained no cells. 

Nasse found some alkaline sulphates and phosphates^ together with 
earthy phosphates, in the ash. 

Berzelius found 6*633 Nasse 4*4483 of solid constituents in the 
nasal mucus, and Scherer 11*2998 in the above-described abnormal 
mucus. The latter observer likewise found 7*63 of ash in 100 parts of 
the solid residue. 

Unfortunately, however, no attention has been paid m these analyses 
of the normal mucus to the relation existing between the potash and the 
soda. Yet the establishment of this relation is not wholly devoid of 
importance in the solution of the question, whether the blood-corpuscles 
take part in the preparation of the mucus as they do in that of most 
other secretions, or whether the mucus is formed solely from the con- 
stituents of the blood-plasma. I know of only one analysis of the kind 
suited to throw light on the subject, and this yielded more potash and 
less soda in the ash of the mucus than in that of the blood-serum : but 
as this mucus had been secreted during an acute catarrh, and besides 
being very rich in young cells (mucus-corpuscles), contained also some 
granular cells, it does not afford any conclusive evidence. 

The method of analyzing mucus would be very simple, if it were not 
wholly impracticable, in most cases, to separate the true mucin from the 
cells whijCh are intermixed with it. It is only in a few rare instances, 
as in the case investigated by Scherer, and already referred to, that the 
morphological elements can be collected on the filter by mixing the ob- 
ject with a large quantity of water, and rendering it capable of being 
filtered by repeated and continuous shaking. Thq mucin, however, in- 
stead of being distributed through the water, is in many instances con- 
verted into an apparently ceagulated condition, this being more especi- 
ally the case with catarrhal bronchial mucus, which becomes shrunk by 
the abstraction of the alkaline salts which had previously caused the 
mucus to present a swollen appearance. When the mucin is not soluble 
in water, the only method of determining it even in an approximate de- 
gree, is to filter the substance after it has been digested with highly di- 
luted ammonia. Unfortunately, however, the mucin which has been 
dissolved by the alkali passes very slowly through the filter, in conse- 
quence of the obstruction presented by the gelatinous swollen epithelium. 
In many cases, therefore, this method proves insufficient for the separa- 
tion of the mucin from the above-described morphological elements. If 
we succeed in removing the epithelium by filtration, the mucin may be 
precipitated from the neutral or weakly acid solution by spirit, and from 
the alkaline solution by dilute acetic acid; after this, the precipitate 
must be washed with hot spirit, and after being dried at a temperature of 
120®, must again be washed with hot water, in order to remove all the 
mineral and organic substances which are insoluble in spirit. The waters 
employed in rinsing must then each be strongly concentrated, and imme- 
diately evaporated with the spirituous solution filtered off from the mucin, 
white the residue is extracted with ether, alcohol, and water. 

When albumen is present with the mucin, which indeed it very gene- 
rally is in the large quantities of the substance necessary for such inves- 



ITS ORIGIN. 


91 


tigations, the difficulty of the analysis is greatly increased. If the mucin 
■were insoluble in water, which appears to be never altogether the case, the 
separation of the soluble albumen from the insoluble mucin might be 
very easily effected: but this is by no means the case, for the swollen, 
gelatinous, or apparently coagulated mucin only gives up the albumen 
to the water with difficulty, and after along time. lienee it is necessary, 
if we would desire to attain a comparatively successful result, to dis- 
tribute the mucus repeatedly in water, and after suffering it to form a 
deposit, to pour only the clear fluid upon the filter, repeating the pro- 
cess until the filtered fluid no longer exhibits any opalescence on heat- 
ing ; for the insoluble mucous residue cannot he collected on the filter 
until the albumen has been completely removed. The quantity of the 
latter substance may be determined by the ordinary rules, and a further 
separation of the mucin from the epithelium may then, be effected by 
means of diluted alkalies. 

If the substance named pyin occur in the mucus, or if the latter con- 
tain a substance not coagulable by heat, but precipitahle by acetic acid, 
although not again soluble in an excess of this acid, the albumen, in 
case the fluid was not alkaline, must previously bo precipitated by boil- 
ing, and its quantity determined, after which the pyin-like substance 
may be separated from the filtered fluid by acetic acid. In case, how’- 
ever, the mucous fluid is alkaline, this substance must first be precipita- 
ted by acetic acid, and then washed for some time, in order to, remove 
any albumen that may have been precipitated from the solution by acetic 
acid ; and after the filtered fluid has been carefully neutralized by am- 
monia, which generally imparts some degree of turbidity to it, it must 
finally be boiled. 

The quantitative determination of the remaining organic and mineral 
constituents of the mucus nfay easily be iSouducted by following the 
rules already given. 

We are nocessai’ily unable to form any estitnate of the quantity of 
mucus secreted by the different mucous membranes ; and it would seem 
sufficient to draw attention to the view advanced by Valenjdn, that the 
secretion separated from the surface of many of the mucous ‘membranes 
must be regarded as exceedingly small, or even absolutely nothing in the 
normal state. It can only be regarded as the result of special or«gene- 
ral irritation, when any considerable quantity of mucus is separated 
from an apparently healthy mucous membrane ; — a view which seems to 
derive confirmation from the circumstance, that normal m:yicus can 
never be obtained from the living body in quantities sufficient for chemi- 
cal analysis, but must he scraped away from the mucous membrane of 
animals immediately after they have been killed.* The liability to errof 
presented by such means m too obvious to need further comment. It is 
probable that the secretion is seldom perfectly normal when present in 
excess in morbid affections of the mucous membranes, and that it is gene- 
rally mixed, in these cases, either with a transudation or exudation. 
This is shown both by the microscopico-mechanical and the chemical in- 
vestigation of morbidly secreted mucus. 

We have already observed, in the beginning of this chapter, in refe- 
rence to the origin of the mucus, that the seat of the formation of this 
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fluid is not limited to the mucous follicles, for we have already noticed 
several mucous membranes in which there was no appearance of any 
such glandular organs. Some facts, indeed, seem to warrant the con- 
clusion, that the formation of mucus is not limited to a definite spot, or 
associated with any definite tissue. The conversion of Wharton’s gelatin 
into a substance perfectly similar to mucus in respect to its physical and 
chemical properties, the gradual transition of the colloid mass of many 
cysts into perfect mucus, and its occurrence in many exudations pro- 
ceeding from serous membranes, are facts which cannot be lost sight of 
in our consideration of the origin of mucus. Tilanus has drawn special 
attention to the circumstance, that epithelial structures are always 
present wherever there is true mucus. This observation might lead to 
the assumption, that the formation of mucus is connected with the de- 
velopment of pertain cells, that is to say, that its production occurs 
•simultaneously with the development of certain morphological elements. 
Two views here present themselves for our consideration ; one of which 
is, that the albuminates of the liquor sanguinis become decomposed, 
under certain hitherto unknown conditions, into the substratum of the 
epithelial cells and into mucus, whence the latter substance might in 
some respects be considered as a secondary product of this cell-forma- 
tion, so that the mucous juice in the mucus would hold the same relation 
to the epithelial cells as the spirituous fiuid docs to the yeast-cells in a 
mijetur® which has undergone fermentation. The other view, which seems 
to be supported by numerous observations made by Scherer and 
Virchow,' refers the origin of the mucus to a partial disintegration of the 
epithelial cells. All who have followed Frerichs in his observations on 
the metamorphosis of the cells within the gastric juice, or who have 
examined them by the microscope in the preparation of artificial gastric 
juice, will easily comprehend the gradual solution of the gastric cells 
and their conversion into a mucous fluid. Such a conversion of cells 
into a mucous substance would, therefore, at all events not be wholly 
without analogy. Scherer and Vichow, however, go still further and 
advance th^opwiion* based upon several pathologico-histological observa- 
tions and chemical experiments, that certain colloid substances, and 
others adapted for the formation of urine, may be converted into mucus 
undei* certain ^conditions which still remain to be explained, and even 
without any cell-formation ; and hence they regard the latter mode of 
development as associated with the existence of colloid or cartilaginous 
substances. This view is supported not only by the absence of epithe- 
lial structures in many mucus-containing cysts, but more especially by 
the frequently noticed conversion of the gelatin of Wharton into perfect 
mucus. It appears to*u8 still to require accurate chemical experiments, 
to decide which of these two hypotheses deserves the preference. The 
elementary analyses which were made by Scherer on a single variety of 
mucous juice, unfortunately do not enable us to decide the question, 
both because the atomic weight could not be determined, and because 
we arc still entirely deficient in an accurate analysis of the epithelial 
cells, the colloid substance, &c. It remains for us to hope that the in- 
vestigating powers of men like Scherer may before long enrich science 

'In a private communication. 
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with the knowledge necessary for elucidating a subject which is so 
intimately associated with the advancement of physiology. 

The localities in which mucus occurs clearly demonstrate that it is 
especially designed to serve as a protecting medium to all the parts 
which are placed in a reciprocal connection with the outer world (Joh. 
Muller). 


CUTANEOUS SECRETIONS. 

Although in a certain point of view we may regard the epidermis, the 
nails, hairs, feathers, and scales, as products of the secretion of the 
skin, these objects will find a more appropriate place in this volume, 
where we treat of histological chemistry. We shall, therefore, here only 
notice those two well-known secretions, the sebaceous matter and the 
sweat. 

The gehaceons matter is secreted by those innumerable glandular 
structures, the folliculi sehacei, which are distributed over the whole 
skin ; they are racemose, branching glandules, with flask-like or pear- 
shaped secreting vesicles (the saccules or acini) and a very narrow neck. 
There are simply two anatomical points to which we would here refer, 
seeing that they have a bearing on the further consideration of the 
sebaceous matter. The first of these points is, that these sebaceous 
glands are always entirely imbedded in the non-fatty corium, and, 
although they secrete ^fat, are never found lying in the fatty subcutane- 
ous areolar tissue ; the second is, th&t the great majority of these glands 
arc grouped around the root# of the hairs, aad that their narrow mouths 
open into the hair-follicles ; it is only on the nymfhoe^ the glans penis, 
and the inner membrane of the preeputium, that we find sebaceous 
glands independently of the presence of hairs ; the glands on these parts 
have, however, a somewhat dificrent formation, the afjni or saccules 
being more rounded and grouped in a mulberry-like form.' * We might 
here also mention the racemose Meibomian glands, and the coiled and 
twisted tubular cerun^nous glands, since we shall, in the present chapter, 
consider their secretions, in so far as our chemical knowledge of them 
at present extends. 

Although the secretions of the above-named glandular organs by no 
means have a perfectly identical composition, and indeed probably, to 
a certain extent, contain very heterogeneous constituents, yet, in regard 
to many of their physical and chemical relations, they are at least as 
nearly allied as the transudations which were considered in a previous 
chapter. In order as much as possible to include the comparative 
physiology of the subject, we shall, at the same time, notice the com- 
position of castoreum, which has been shown by E. H. Weber* to be 
essentially nothing more than the secretion from the innumerable pre- 
putial folds of the penis and clitoris of the beaver. 

> Ber. d. k. sacha (lesellsch. d. Wiss. Bd. 2, S. 185-200. 
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In all these secretions, without a single exception, we find a larger or 
smaller number of morphological elements : all these glandular vesicles 
and duets are invested with a fine cellular epithplium, and bence,^ on a 
microscopic examination, we find epithelial cells in all these secretions ; 
we often, however, find more pavement epithelium from the external 
skin than delicate cellular structure from the interior of the gland. 

In most of these secretions, and especiJllj and irarariably in those of 
the Meibomian and ceruminous glands, we find peculiar, oval, angular, 
or roundish cells, from to oth of a line in diameter, which, in 

addition to a pale nucleus with nucleoli, contain minute, dark, and 
clearly defined granules, and a few distinct fat-globules. 

The sebaceous glands, like the mucous follicles, when in a state of in- 
flammatory irritation, produce those primary cells to which we apply 
the terms pus-cells, mucus-corpuscles, &c. These cells are present in 
small quantity after even the slightest irritation of the skin and of the 
follicles in question, but especially in the thoroughly puriform fluids 
which arc secreted in inflammatory afiections of the external auditory 
meatus and of the Meibomian glands, in balanitis, in acne, and in 
similar cutaneous disorders, which for the most part have “their seat in 
the hair-follicles. 

The nfinuto animal described by G. Simon,* the acarus folUculorum, 
is commonly found in the normal secretion of the sebaceous glands, as 
Avell as in the so-called comedones. 

An fdbuminous snhstanee is contained in all the secretions of the 
above-named glands ; it cannot, however, be easily exhibited in the solu- 
ble form, since, in accordance with the method by which alone we can 
analyze these solid fatty matters, it is always separated in the insoluble 
state; hence we cannot determine* whether it is most similar to casein 
or to albumen ; it is obviously a protein-bpdy from its behavior with 
acetic acid and ferrocyanidc of potassium, with concentrated nitric acid, 
hydrochloric acid, &c. Escnbcck,® w’ho had an opportunity of examin- 
ing a mass contained in a very distended hair-follicle, found in the dry 
substance 24’2j|^of this albuminous substance ; found d’Og of it in the 
vernix caseesa of a tolerably full-sized foetus, b’flg in human smegma 
praeputii, and 2’9g in that of a horse, 2’4}{ in the semi-solid mass obtained 
from the fresh pouch of the beaver (a^tcr drying), and 5*88 in Canadian 
castoreum. < 

Fats and lipoids constitute the principal part of these secretions : the 
other-extract in the above-mentioned case of Esenbeck’s amounted to 
2G‘2g, while in tho vernix cascosa I determined it at 47’5j{, in human 
smegma prmputii (collected after several operations for phimosis) at 
52*82, in that of the horse at 49*92, in the fresh castoreum of a German 
beaver at 7*42, ii* Russian castoreum at 2*52, a specimen from 

Canada at 8*2492. 

Of the saponified fats, olein and margarin are found in considerable' 
quantity in the ether-extract ; but in none of the secretions which I 
have examined, including the cerumen, was there a trace of butyrin or 

' Muller’s Aroli. 1842, S. 218. * Gmelin’s Handb. d. Cli. Bd. 2, S. 2165. 

'* Bei*; d. k. ssicliB. Ges. d, Wiss. Bd. 2, S. 200-208. 
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of butjric acid to be detected, although, as we shall presently see, this 
acid is very frequently secreted by the sudoriparous glands. 

Of lipoids I found the smegma pneputii a little cholesterin, besides 
a bodj soluble in ether and hot alcohol, and very similar to cholesterin, 
but not crystallizable ; in the vernix caseosa I found only this substance, 
and could not detect any cholesterin. 

No phosphorized fatty bodies were found either in the vernix caseosa 
or in the preputial secretion. 

The alcoholic extract of those secretions consists for the most, part 
of the margarates and oleates of potash, soda, a<hd ammonia : here also 
no alkaline butyrates can bo detected ; the ammonia-soaps preponderate 
considerably in the preputial secretion. 

In addition to the soaps, the alcohol-extract contains only a little 
organic matter which does not admit of further determination, unless 
a substance peculiar to a special secretion or some incidental matter 
happen to be present, of which we shall speak further presently. 

Berzelius* obtained from the cerumen a fat which was soft, white, 
opaque, easily fusible, devoid of action on litmus, and when treated with 
potash, yielded an extremely fetid soap, which, on the addition of hydro- 
chloric acid, deposited the fatty acids in the form of a white powder; 
these acids did not readily rise to the surface of the solution, ftnd fused 
at about 40°. 

Vauquelin found that the fat of human hair was oleaginous and co- 
lored, and that it contained sulphur. 

The fatty siveat which adheres to undressed wool consists, according 
to Vauquelin,* chiefly of a potash-soap ; while, on the other hand, 
ChevreuV who has more recently examined it, found non-saponifiable 
fats containing neither sulphur nor •nitrogen, one of which fuses at 60°, 
while the other is fluid at 15° ; to these two^fats he gave the respective 
names of stearerin and elaerin. 

I found that the alcohol-extract in the vernix caseosa amounted to 
15’0<j, in the human preputial smegma to 7‘4}{, and in that of tlie horse 
tofi-eg. . 

The resinous constituents of the castoreum soluble ^iTKalcohol still 
require a more accurate investigation than they have yet received. The 
amount of these matters in castoreum is extremely variable ; in a fresh 
German specimen I found 67'7g, in a smoked Bussian specimen %4*3g, 
and in a Canadian one 41'34g. 

In all these secretions I also found small quantities of matter soluble 
only in water, the organic portion ’of which did not admit of further 
determination. In the vernix caseosa I found that the water-extract 
amounted to 3*38, in the human preputial smegma to 6*18, and in that 
of the horse to 5‘4g. • 

That portion of these secretions which is insoluble in water, alcohol, 
and ether, consists for the most part of the histological structures which 
have been already mentioned, and likewise of hairs ; at all events, so 
far as the vernix caseosa is concerned, through which we always find a 
network of lanugo running. From this mass vre may extract the abdve- 

• Lehrb. d. Chem. Bd. 9, S. 5;J6. a Ann. de Chim. T. 47, p. 276. 

® Compt. rend. 1840. No. iO. 



96 CUTAN^pOUS SBCBETIONS. 

mentioned albuminous substance, which, however, at all events, in part 
belongs to the cells. 

We find only a small amount of soluble mineral comtituents,^ namely, 
a little chloride of sodium and hydrochlorate of ammonia^ with phos- 
phate of ammonia and soda. Earthy phosphates, on the other hand, 
occur in considerable quantity ; there being, according to my analyses, 
6-5}! in the vernix caseosa, 9*72 in the smegma prseputii of man, and 
5*42 in that of the horse. 

Frpm this sketch of the few experiments to which secretions of this 
class have been subjected, we may at all events draw this conclusion, 
that however different the position and the structure of the sebaceous 
glands may be, they secrete tolerably similar products. 

It is sufficiently obviously that no great weight can be attached to 
the determinations of the quantity of water in these secretions; in 
order, however, to give some general idea of the amount of water that 
is present, it may be mentioned that in the vernix caseosa I found 
66'982, and John Davy* 77'872 of water, but that -in the secretions of 
the sebaceous glands of animals living in the air, the quantity of water 
is far less in consequence of the continuous evaporation, although it is 
liable to great variations depending on external conditions. 

We hftvc now to mention a few substances which are to be regarded 
either as incidental* admixtures or as constituents peculiar to individual 
secretions. Amongst these we must first mention a hile-like substance, 
wlKch I found in the preputial secretion of man, the horse, and the 
beaver : as I have been unable to find it in the vernix caseosa, in the 
cerumen, or the secretion of the Meibomian glands of a scrofulous child, 
it appears to be peculiar to the hairless sebaceous follicles of the pre- 
puce and the glans penis. It was obtained from the ethereal extract by 
extraction with water, and yielded, with sulphuric acid and sugar, the 
most beautiful biliary reaction ; that this could not be fat, is sufficiently 
obvious from its solubility, as well as from the rapidity with which the 
reaction ensued ; but whether the substance is identical with any of the 
products of decomposition of the biliary acids, is a question that must 
be decided by farther investigations. 

The resinous constituents of castoreum have been already mentioned. 
Wohler* has shown that they contaifl carbonic acid, or oxide of phenyl 
(OjjHgOj), whi(di may be detected by the blue cblor it imparts to a pine- 
shaving saturated with hydrochloric (Runge) or nitric acid (Laurent). 
Since the resinous constituents of castoreum coincide in a remarkable 
manner with those of hyraceum (which, according to my invesUgations, 
can only be the dried intestinal excrement of Hyrax capensis), and since 
phenylic acid occurs in both these substances, it seems most probable 
that they are not prodhets of the metamorphosis of tissue, or that they 
are any peculiar secretion, but merely derivatives of the resinous sub- 
stances conveyed in the intestinal canal of the animal with its food. 

Benzoic acid has been detected in castoreum by Saugier, Brandes, 
Batka, and Riegel ; from certain experiments which L made on the con- 

’ Mcdico-Chir Trans. 1844, p. 193. 

* Ann^ d. Ch. u. rharm. Bd. 49, S. 800, and Bd. 66, S. 842, 
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tents of fresh pouches, I think it probable that hippuric acid is originally 
contained in this substance. 

I found benzoic acid iii the preputial smegma of a horse. 

It is very doubtful whether uric acid occurs in castoreum, although 
Brandes believes that he has found it. 

In the preputial secretion of herbivorous animals, there is little phos- 
phate of lime, which seems replaced by carbonate of lime ; this, at all 
events, is very abundant in castoreum. This salt may be easily recog- 
nized, by observing under the microscope thei considerable development 
of gas which the residue, insoluble in ether, alcohol, and water, yields 
on the addition of acetic acid, and by noting the considerable turbidity 
that is induced in the fluid which is thus obtained, by the addition of 
oxalate of ammonia. 

In fresh castoreum we can recognize with the microscope the well- 
known crystals of mlphate of lime, and in the preputial smegma of the 
horse, the octohedral forms of oxalate of lime. The presence of both 
salts may be readily confirmed by a few micro-chemical experiments. 

The smegma praeputii of the horse, which I obtained for analysis, was 
of a blackish-gray color, soft and plastic like wax, and somewhat viscid 
when fresh ; but when dried, it was hard, almost brittle, and presented 
a glistening fracture. 

Little remains to be noticed regarding the different methods of ana- 
lyzing these secretions, both qualitatively and quantitatively, in addition 
to the ordinary general rules, and to the special remarks on the detec- 
tion of each individual constituent. 

The above-mentioned albuminous substance can bo only approximately 
determined, since it can only be extracted by acetic acid from the residue 
of the matter that is left after extraction with ether, alcohol, and water ; 
this acid, however, abstractly a little albut^inous matter and a certain 
quantity of earthy salts from the cellular structures of the residue. I 
determined this matter in the following manner : — I dried the residue 
after its extraction with indifferent menstrua, and determined its weight ; 
I then digested it for several hours in moderately dilute acetic acid, 
rinsed it, and after drying again, weighed it ; the lossTbf* weight indi- 
cated the sum of the matters extracted by tlie acetic acid ; the acid 
solution was evaporated, and its residue, without any further treatment, 
was incinerated for the determination of the mineral matters ; the 
weight of the ash was then deducted from the loss of weight which the 
residue had suffered from the acetic acid. I thus obtained the number 
representing the quantity of the aljiuminous substance contained in the 
secretion. 

With regard to the carbolic acid, we have only further to add, that 
its presence is by no means so easily to be reedhnized as might be sup- 
posed from the above-named reactions ; for, independently of the ex- 
tremely minute quantity in which it ocours in castoreum, the application 
of pine or fir shavings, saturated with hydrochloric acid, is exposed to 
certain fallacies ; for the shavings of these woods, after being acted on 
by this acid, readily assume a bluish-green color on exposure to the sun : 
hence it is necessary, before applying this test, to separate the carbolic 
acid as completely as possible from the resinous and fatty constituents 

VOL. II. 7 
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of the castorcnm, which, however, in consequence of the slight solu- 
bility of carbolic acid in alcohol and ether, and its^high boiling-point, 
187° C., is altogether impracticable when only small quantities are 
present. 

We have nothing to add to the observations contained in the first 
volume, regarding the method of detecting and separating the lipoids 
and fats, hippuric, henzoic, and uric acids, oxalate of lime, &c. 

We have at present no means of determining the quantity of mattiir 
secreted by the sebaceous glands collectively, or by sp^ad groups of 
them ; moreover, daily experience teaches us that the amount must be 
very variable in different individuals and under different physiological 
and pathological conditions. 

With regard to the origin of this secretion, we must bear in mind 
(when further investigating it) that the fat of the sebaceous glands must 
either be derived directly from the blood of the capillaries coiling around 
them, or must be formed from other matters in the cells of these minute 
glands ; for it is worthy of notioe that almost all these seballeous 
glands are, as it were, rooted in a tissue which is completely devoid of 
fat, and do not penetrate into the fatty cellular tissue beneath the corium ; 
the glana penis is almost absolutely devoid of fat. The variously re- 
fracting granules, globules, and vesicles w'hich occur in many cells, as, 
for instance, in those of the external auditory canal and of the Meibo- 
mian glands, so frequently appear to represent new progressive stages 
of development of the same object, that we are almost led to the con- 
jecture that the fat peculiar to these secretions is primarily formed within 
these glands. 

These glands yield a fatty investment to the hair and cuticle ; Krause* 
regards it as definitely established that this seci’ction diminishes the hy- 
groscopical property of the Jiorny layer o^ epidermis and of the hair, 
and that it hence checks the too rapid evaporation of moisture, and the 
drying up of the deeper epidermic layers and of the corium. 

Under the term sweat we include only the fluid secretion of the sudo- 
riparous glands,^ without reference to the question, whether these glands 
are also the <dfmrces of the gaseous transpiration of the skin or not. 
The sudoriparous glands are thread-like, delicate, single tubes, not com- 
municating with one another, which (friginate in a <blind extremity in 
the fatty subcutaneous cellular tissue, where they form spirally twisted 
coils ; they then make their way through the corium and the younger 
epidermic laye^ in a corkscrew-like or serpentine course, and finally 
open with a considerably contracted mouth in the cuticle. These tubu- 
lar sudoriparous glands are always invested with an epithelium, which 
consists of roimdish or oval-angular nucleated cells. 

The sweat, as it collects in drops upon the skin of a person who is 
perspiring freely, is, as is well-known, a colorless, very watery fluid, 
with a rather saltish taste, and usually communicates a peculiar, more or 
less intense odor, which varies with the cutaneous surface from which it 
has exuded : in most cases it has a weak acid reaction.; indeed it is only 
sw#a>l^ which has been collected from the axillse and the feet that is often 
found to be alkaline. 

^ Handwdrterb. de Pbysiol. Bd. 2, S. 185. 



THE SWEAT. 


99 


It is very difficult to obtain a sufficient quantity of sweat for chemi- 
cal analysis in ordl^ to ascertain its constituents. Thdnard and other 
chemists have employed shirts saturated with sweat, and extracted the 
sweat from them hy various solvents ; but this is the least advisable me- 
thod, since here there is alVrays a larger or smaller quantity of sebace- 
ous matter mixed with the sweat ; perfectly clean sponges are generally 
used in this case in order to dry the skin which had been previously 
<^anscd, but is again brought into a state of perspiration. In this way 
the above-mentioned error is certainly much diminished, but it is not 
altogether avoided ; for we still find in the sweat a very large number 
of epithelial scales, to which a little of the sebaceous secretion always 
adheres. The best method is that which was adopted by Anselmino,* 
who enclosed his arm in a glass cylinder that was rendered as air-tight 
as possible, and was thus able, in the course of five or six hours, to col- 
lect about a tablespoonful of sweai. 

The sweat contains only a very small amount of solid constituents ; 
Ansetoiino, whdsc method of proceeding is certainly the best that has 
been yet adopted, found that the solid non-volatile constituetots varied 
from 0-5 to 

The principal constituent of the sweat, that is to say, the substance 
which, next to the water, occurs in the largest quantity in this fluid, is, 
according to the experience of all observers, the chloride of sodium. 
Phosphate of soda is not found in sweat, and the sulphate only rarely 
(Simon),® while, on the other hand, the presence of salts of ammonia is 
very obvious (Berzelius) the ammonia in the sweat is not only com- 
bined with hydrochloric acid, but also with organic acids ; indeed it pro- 
bably exists as carbonate of ammonia in alkaline sweat. 

PaHhy phosphates and a little peroxide of iron arc constantly found 
in the sweat ; they are, however, probably dependent on the admixture 
of epithelial cells with the fluid under examination ; it is only in conse- 
quence of the assumption that lactic acid is contained in the sweat, that 
it has been also assumed that phosphate of lime exists in a state of solu- 
tion in it. , 

It must still remain very doubtful whether the/a< w^ifeli is found in 
the sweat proceeds from the sudoriparous glands, or, whether it only 
depends on the admixture of a little of the secretion of the sebaceous 
glands. The fat of sweat that has been collected in the orffinary man- 
ner has, in point of fact, precisely the same physical and chemical pro- 
perties as the fat of the sebaceous glands, as 1 have cwivinccd myself 
by an examination of the very profuse perspiration of woman after de- 
livery. Krause^ has, however, shown, by a very admirable experiment, 
that, in reality, the sudoriparous glands themselves secrete true fet (to- 
gether with butyric acid, &c.) It is well knovAi that there are no se- 
baceous glands on the palm of the hand or the sole of the foot ; Krause 
removed the fat and any loose epithelial scales from the palm of the 
hand by ether and friction, and then covered a square inch of it with a pad 

’ Tiedemann’s Zeitsclir. Bd. S. 321-842. 

* Handb. d. med. Ch. Bd. 2, S. 826-886 for EngllBh Translation, Vol. 2, pp. 101-1111- 

® Lebrb. d. Cbem. Bd. 9, S. 890-897. ♦ Op. cit. p.l46. 
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of filtering paper, from which all fatty matter had been removed by 
ether ; this pad was firmly attached to the hollow OT the hand, and re- 
tained there for one night, being securely guarded from external impu- 
rities ; a gentle perspiration was induced towards morning ; the paper, 
on being submitted to the action of ether, tlfen yielded a fat which, in. 
addition to margarin, contained an oily matter which rendered tissue 
paper distintffcly transparent. » 

We may further readily convince ourselves of the presence of butyr^ 
acid in the sweat, by extracting with spirit textures thoroughly impreg- 
nated with sweat — as, for instance, stockings, flannels, and other parts 
of the dress that have been worn next the body — and distilling the ex- 
tract ; we then saturate the acid distillate with potash, evaporate, and 
decompose the salt with sulphuric acid, when a most distinct odor‘^)f 
rancid butter is developed ; I even sucqceded in obtaining the baryta salt, 
but the small quantity of irregular crystals was insuflicient to enable 
me to prove with certainty by micrometrical measurement, that the salt 
was butyrate of baryta. If wo can form an opinion frdm the odbr of 
different kSnds of sweat, it is very probable that caproic and metacetonic 
acids, which are closely allied to butyric acid, are also present ; in many 
diseases, especially such as arc accompanied by *an acute exanthematous 
eruption, there is often a singularly strong smell of metacetonic acid. 
Anselmino and Simon have also detected acetic acid in s.weat by its 
smell ; since this acid, if it actually occur in the sweat, is always asso- 
ciated vj^th other volatile acids of this group, it cannot be determined 
with certainty by any of the known tests for acetic acid : it is only by 
experimenting with very large quantities that we can form a decided 
opinion regarding the existence of acetic acid in sweat ; we think it not 
improbable that it occurs there. BenTsclius considers that lactic acid is 
the free acid of the sweft.t, and that it likewiee is in combination with the 
ammonia ; Berzelius has, however, not operated on such quantities of 
sweat as to have enabled him to determine this acid with his ordinary 
accuracy. Since, according to my investigations, the secretion *of the 
sebaceous glands, evea after saponification, yields cither no volatile fatty 
acids, or, at i^st, very small quantities of them, the above-mentioned 
volatile acids must of necessity pertain to the secretion of the sudoripa- 
rous glands. * 

The extractive matters, which afford so much annoyance to the chemist, 
are of course present here ; from the facility with which the sweat de- 
composes, it is'.even more difficult to arrive at any definite conclusion 
regarding its extractive matters than regarding those of many other ani- 
mal fluids. Alth^gh we cannot recognize amongst these substances 
any material which possesses the properties of a protein-body, a sulphu- 
rous matter must be contained in the sweat ; for if we keep fluid sweat 
in a closed glass, we find that a considerable quantity of sulphide of am- 
monium is formed as soon as dwapmposition commences. 

The observations which have bben made by physicians regarding the 
qualitative and quantitative changes which the swec||| . undergoes in dis- 
eases are of so uncertain a character, that we must hesitate in basing 
any conclusions on them. Such observations and conclusions as the 
following, — namely, that as the sweat of persons who perspire very 
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copiously, as, for instance, of rheumatic and arthritic patients, has a 
very distinctly acid reaction, therefore rheumatism and arthritis dejiend 
on a lactic-acid dyscrasia or diathesis, — might have been well spared in 
medicine. We need hardly observe that the increased acidity is in such 
cases dependent upon the concentration of the sweat by evaporation. 

Anselmino maintains that he detected aZiufww in the “ojskical” sweat 
of a patient with acute rheumatism. 

* JJreo} h^m not yet been found in the sweat ; but it may probably occur 
there in cases in which the blood is richer than usual in this substance, 
and in which there is a very copious secretion of sweat. 

Wolffs thought that he had once detected uric acid in the dried sweat 
fr^ the forehead of a patient with calculus. 

Every physician must have had opportunities of observing that certain 
pigments sometimes occur in the s'ilveat of patients ; thus the body-linen 
of jaundiced persons who perspire |rcely, sometimes assumes a yellow 
color,^ Blue and red pigments have also been observed in the sweat. 

It has been shown by the experiments of Milly, Jurine, Ingonhouss, 
Spallanzani, Abernethy, Barrucl, and Collard de Martigny,® that gases, 
and especially carbonic ouiid and nitrogen, arc likewise exhaled with the 
liquid secretion of the sudoriparous glands. According to the last- 
named experimentalist, the ratio between these two gases is very vari- 
able ; thus, in the gas developed after vegetable food there is a prepon- 
derance of carbonic acid, and after animal food an excess of nitrogen ; 
Abernethy found that on an average the collective gas contained rather 
more than two-thirds of carbonic acid, and rather less than one-third of 
nitrogen. When the process of perspiration is especially active, as, for 
instance, after strong bodily exercise, less gas is on the whole exhaled. 

With regard to the metho^ of analyzing the sweat, we have scarcely 
anything to add to the remarks already made (in various parts of the 
first volume) respecting the determination of the individual constituents 
contained in this secretion ; we must, however, especially recollect that 
its volatile constituents can only be accurately det^ermin’ed by a careful 
examination ; and again it must not be forgotten that 'ffio sweat very 
easily decomposes, and gives rise to the secondary formation of am- 
monia. ' 

Numerous, and undoubtedly very careful, investigations have <boQn 
made regarding the absolute quantities of the substances which are 
thrown off in a definite time by the sudoriparous glands and. the skin 
generally. We shall postpone any notice of those investigations which, 
from the time of Sauctorius to that of Scharling, ha¥e simultaneously 
included the cutaneous and the pulmonary transpiration, and have esti- 
mated their sum collectively, till wo treat of the respiratory process. 
Cruikshank, Abernethy, Dalton, and ^nselmino, attempted in various 
ways to determine the amount of the cutaneous secretion ; the most im- 
portant, however, was that which AnselSino adopted, of determining the 

' [Urea has. been fooiid in the i^yreat of healthy persons by Ii'andercrs (see Arch. f. 
Chem. n. Mikros. IJd. 4, p. 196), and by Schoitin, a pupil of Lehmaun’e, in cases of 
renal disease (see Schmidt’s Jabrb.)Ud. 74, 8. 9. — a. b. d.] 

* Diss. inang. sing. cas. calcnlositatis. Tiib. 1817. 

® Journ. de Physiol. T. 11, p. 1. 



102 


CUTANKOUS BECRBTION8. 


amount of the perspiration given off by a single extremity or by a known 
extent of cutaneous surface, and then calculating how much would be 
given off by the whole surface of the body ; but independently of the 
circumstance that the other data for our calculation depend for the 
most part on very uncertain assumptions, no groat weight can be attached 
to the final result. The aif^ument ex parte in totum here holds good even 
to a less extent than in any other case, in consequence of the unequal 
distribution and unequal development of the glands (as, for mstance, in 
the axillary region) ; and finally, the cutaneous surface^ 'wheh enclosed, 
can hardly discharge its functions in the same manner as when it com- 
municates freely with the atmosphere. 

The calculations founded on the very laborious investigations of Re- 
gain* should lead us nearer to the truth, although the non-volatile constitu- 
ents of the skin have not been here included in the calculation. Seguin 
obtained absolute numbers from the amount of matter transpired by the 
skin, by weighing his body in such a manner that he determined the loss 
of weight which the body experienced when the respiration and perspi- 
ration are unimpeded, and then compared this with the loss of weight 
which the body underwent when the perspiration was retained in an air- 
tight case. It appears from these experiments, that the mean amount 
of the cutaneous is to that of the pulmonary transudation as 2 : 1, a 
ratio to which the still more carefully conducted experiments of Valentin 
al^ lead us, if we deduce it, as Krause® has done, from the sum of the 
quantities of water and carbonic acid expired by the lungs in twenty- 
four hours, and from the loss of weight which occurs during the same 
period from pulmonary and cutaneous transpiration. Valentin® found, 
by weighing at intervals of three days, that on an average his body -lost 
1246'93 grammes in twenty-four hours froiji cutaneous and pulmonary 
■transpiration ; from his measurings of the quantities of water and car- 
bonic acid that are expired, as contrasted with the quautity of inspired 
oxygen, it followed that in the same time Valentin lost on an average 
465-18 grammes ; h^nce the perspiration in twenty-four hours amounted 
to 791*75 gT^ammes, and the ratio of the perspired to the expired 
matters was as 9 : 5. Notwithstanding that the calculations founded on 
his experiments led to almost the same results as those of Seguin, Va- 
lentin* regards, it as altogether impossible that more matters should ba 
eliminated by the cutaneous perspiration than by the pulmonary exhala- 
tion ; I 9 gree, however, with Krause, in thinking that the above ratio is 
in all pr&bability the true one. It appears to me that we in ne degree 
detract from th^’full importance of the respiratory process, in consider- 
ing that the loss of weight occasioned by pulmonary exhalation only 
happens to be so small because at the same time there is a great absorp- 
tion of oxygen, which is not t^e case with the perspiration. If, for 
instance, we compare the ^qantities of the carbon and hydrogen 
eliminated through the lungs m twenty-four hours with the carbon and 
hydrogen of the perspiration (which, however, owe their oxidation for 
^the most part to the oxygen absorbed by* the lungl), the ratio becomes 
^considerably modified and much more in favor of the pulmonary exhala- 
tion, the sum of the weights of these elements in the cutaneous transpi- 

• Ann. do Chim. T. 00, p. 62-88 et 413-680. * Op. oit. p. 144. 

» Lehrb. d. Physiol, d. Menschen. Bd. 1, 8. 714. * Ibid. p. 682. 
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ration being to that in the pulmonary exhalation as 24 : 13. Hence there 
is nothing so extraordinary in the ratio assigned by Seguin, as to induce 
us to doubt that it approximates to the truth. 

According to Brunner and Valentin* there are about 10*4 grammes of 
carbon, and according to Vierordt 1*5 of hydrogen, expired every hour 
in the form of carbonic acid and water. Jf wo assume that the 51*96 
grammes, which is the hourly amount of perspiration, according to Valen- 
tin, consist of 0*93 of a ^Vamme of carbonic acid (as Abernethy as- 
serts), 0*31 of a gramme of nitrogen, and 50*71 grammes of water, there 
would be 0*25 of a gramme of carbon, 0*92 of a gramme of nitrogen, 
and 5*57 grammes of hydrogen, removed by the perspiration in an hour. 
Il^nce the separation of non-oxygenous elements through the lungs 
would be to that through the skin in the ratio of 11*9 : 6*75, which corre- 
sponds pretty closely with that of 24 ; 14. If we compare the quantity 
of the oxides exhaled from the lungs with that of the oxides in the 
cutaneous transpiration, wo find that the two quantities are almost per- 
fectly equal ; for in the course of one hour there are exhaled from the 
lungs 51*53 grammes of carbonic acid water, and from the skin 51*95 
grammes of the same oxides, together with nitrogen. 

Wc possess very few, and, from the nature of the case, very inaccu- 
rate determinations regarding the quantities of the sweat which arc 
secreted under special relations, as, for instance, during strong bodily 
exercise, after abundant draughts of water and being enveiopecl in 
blankets, in the vapor-bath, &c. The only observations bearing on this 
point to whicli we will refer, are those of Berthold,® wliich were made in 
a vapor-bath, and therefore under circumstances in which the sweat that 
was thrown-olF could not eva j)orate. and also where water could not easily 
be given off by the lungs; Bcrtholu found that after he had remained 
half an hour in the vapor-bath, he had lost £? pound and a half in weight ; 
since the carbonic acid exhaled from the lungs is nearly replaced by the 
inspired oxygen, we may fairly assume that an adiJt man in a vapor-bath 
loses about 25 grammes of sweat in a minute. 

According to Abernethy, there arc about 412*cubic‘’-':nches of car- 
bonic acid exhaled from the skin of a full-grown man in twenty-four 
hours. 

Krause calculated that in the course of twenty-four Jbours thflre are 
excreted by the sweat of an adult male 791*5 grammes of water, 7*98 of 
organic and volatile matters, and 2*66 of mineral substances. 

Physiologists have long held different views regarding the sources of the 
cutaneous transpiration, some maintaining that the whole of the cutaneous 
traiispiratiozi and sweat arise solely from the sudoripa/ous glands, while 
others assert that an elastic fluid permeates tine epidermis. We shall 
revert to this subject, in so far as it falls within the scope of our inqui- 
xies, when we treat of the mechanical n;iptamorphosis of matter. 

The importance of the cutaneous transpiration is so obvious to every 
one, that we might readily believe that its objects would be sufficTently 
manifest ; yet the most we, can do is to frame hypotheses on the subject. 
One of the undoubted uses, although not the principal object, of the 
cutaneous transpiration, is to regulate the temperature of the animal 
body. Although there is a perfect correspondence of physical laws and 
* Arch, t, pliys. Heilk. Hd. 2, S. 373^417. * Muller's Arch. 1838, S. 177. 
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physiological experiments in so far as this function of the perspiration is 
concerned, it has in general been somewhat over-estimated ; because, on 
the one hand, the external temperature is almost aways below the tem- 
perature of the body, and hence the evaporation of fluids is not required 
to cool the organism from the surface inwards, and because, on the other 
hand, the activity of the lungs, by which the blood is almost directly 
cooled, fulfils tliis object in a far higher degree. It is generally believed 
that the transpiration is the medium through which certain substances 
are eliminated, whose retention, in cases of suppressed perspiration, might 
give rise to various morbid conditions. The most superficial observer 
cannot fail to perceive the extremely injurious consequences that often 
follow even a partial suppression of the transpiration, and hence the 
analysis (which is always imperfect) of the chemical constituents which 
the skin separates, not only fails to give us any conclusion, but it might 
probably lead us to the erroneous view that this function of the skin 
may be perfectly replaced by the kidneys, for the constituents of the 
sweat are collectively contained in the urine. We should, however, 
obviously be drawing too general a conclusion, if we were led from the 
investigations of chemists to ascribe a less importance to the cutaneous 
transpiration. 'When we can directly refer individual groups of syinp- 
toTns to affections of the peripheral nerves, induced by rapid cooling, 
there follow a group of sequelae, which we cannot help ascribing to the 
rctenticHi of certain deleterious substances. In the present imperfect 
state of zoo-chemical analysis in reference to the volatile odorous matters, 
wo may readily believe that the substances of this nature, which always 
occur more or less abundantly in the sweat, induce definite changes in 
the metamorphosis of the blood as well as in the functions of the indi- 
vidual organs, and thus occasion the various forms of diseases arising 
from chill ; many, however, of the volatile matters pertaining to the 
materia medica and to toxicology, when introduced into the mass of the 
juices, even in extremely minute quantities, induce the most urgent 
morbid phenomena. There is no secretion — not even the very analogous 
pulmonary exhalation — in which we find such various and penetrating 
odorous substances as in the cutaneous transpiration. Strongly odorous 
matters, as for instance, balsam of cepaiva, musk, ether, the dead-house 
smell,^ &c., when taken into the system, are not only given off* with the 
flatus and the pulmonary exhalation, but also by the cutaneous transpi- 
ration. Hence it would seem as if the skin, like most other organs, pro- 
vided for the separation of certain peculiar matters, and thus fulfilled a 
special object in the economy of the animal organism. 

As a natural' sequence, we should here notice the pulmonary exhala- 
tion, but the positive results of the investigations that have been hitherto 
made in relation to this subject, are so intimately connected with those 
undertaken to elucidate the process of respiration, that we must run the 
risk ^f being charged with procrastination or want of clearness, if, from 
a love of systematic arrangement, we should boldly separate from one 
another investigations undertaken with a single idea. 

[Favre,* who asserts that he has operated on 40 litres (or 8’8 gallons) 

’ Coupt. rend. T. 36, p. 721-728 ; and Arch. g4n. do M6d. 1863, 6* S6r. T. 2, pp. 
1 - 21 . 
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of sweat, maintains, that after prolonged sweating the secretion becomes 
neutral, and finally alkaline ; Lehmann, however, was unablip to confirm 
this observation ; it is to be regretted that Favre has not stated how he 
collected this enormous quantity. 

The solid constituents amount, according to Schottin,* to 2'26g, while 
according to Favre they do not exceed 0'443g. In these 2'26ji of the 
solid constituents of normal «weat, Schottin found 0-42g of epithelium 
and insoluble matters. In 100 parts of the ash of the sweat he found 31*3 
parts of chlorine, combined with 28-2 of sodium and 11‘1 of potassium ; 
the ratio of the potassium to the sodium in the ash was as 15’7 : 27*5. 

In the ash of the sweat from the feet he found 4*1 g of phosphate of 
lime, and l'4g of phosphate pf magnesia and oxide of iron. More- 
over, in two closely coinciding analysis of the ash of sweat from the 
feet and arms, he found 5*5g of insoluble and 94’58 of soluble mineral 
constituents. 

The organic acids of the sweat were never strictly investigated until 
Schottin undertook the examination of this fluid : he has demonstrated 
with the greatest certainty the presence oi formic and acetic acids in it. 
Lehmann cdhsiders it singular that the formic acid should preponderate 
so much, as seems to be the case, over the other volatile acids ; the 
acetic acid was in far smaller quantity, and butyric acid was present in 
new traces. 

For a long time the presence of lactic acid in the sweat was yjgarjled 
as an'accepted fact ; but Lehmann failed in detecting any trace of it in 
the sweat either of puerperal women or of persons suffering from gout or 
rheumatism, and it was upquestionably proved that this acid was not 
present in the sweat collected by Schottin. Favre, who seems to have 
entirely overlooked the presence of Volatile acids in the sweat, maintains, 
however, that he has not only demonstrated Whe existence of this acid by 
the exhibition of its zinc-salt and elementary analysis, but that ho 
has determined the actual quantity of the lactate of potash and soda in 
the sweat at 0*0317 g. 

Favre further believes that he has discovered a hew nitrogenous acid 
in the sweat, to which he has given the name of hydrotic or sndoric acid. 
From two elementary analyses of .its silver-salt he assigns to it the for- 
mula . . 

With regard to the presence of urea in the sweat, FaiTre regards it as 
a normal constituent, and he thinks that it is upon its presence or that 
of a similar substance that the readiness with which the fluid becomes 
alkaline depends ; but notwithstanding the most careful search, Schottin 
failed in detecting it, either in the normal sweat generally, or in the sweat 
of the feet which so soon becomes alkaline, ^hottin, however, made 
the interesting observation (see foot-note to p. 101) that in urcemia 
(especially when occurring in cases of cholera) considerable quantities of 
urea pass into the sweat. 

We sometimes find the bodies of persons who have died from cholera 
coated with a thin bluish layer, which on closer exmination is found to 
consist of a fine powder, composed for the most part of urea. 

Lehmann was unable to detect any trace of sugar in the sweat of a 
* Arch. f. phyglol. Heilfc. Bd. 11, S. 78-104. 
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diabetic ^ patient, who, contrary to the general rule, perspired very 
copiously ip a hot sujmmer. 

Sohottin has instituted several very admirable experimeuts <m the 
passage of seveml mf&fyirs into the sweat, and from thesefit would appear 
that benzoic a^id, aaill;alsQ succinic a^d tartaric acids, pass very rapidly 
and unchanged into the sweat. Iodide of potassium was not detected in 
the sweat until it had been taken for five fda^ {half a> drachm daily). 
When salicine was taken, neither this substance itself nor any of its known 
products of decomposition, could be detected in the sweat.. Quinine, 
taken to the amount of 12 grammes, did not pass into the sweat. After 
the ingestion of much sugar of milk, neither a saccharine matter nor 
lactic acid appeared in the swCat. " , 

It would be very interesting tp decide, whether the benzoic acid found 
by Schottin in the sweat is produced from the decomposition of hippuric 
acid by the sweat, or whether tibe.acid is separated unchanged by the 
sweat-glands without being previously converted into hippuric acid (as 
when it is separated by the urine). As cinnamic acid would appear from 
the discovery of Marchand and Erdmann to be separated by the kidneys 
as hippuric acid, this question might apparently bo deteiteined by an 
examination of the acid that appears in the sweet after the use of cin- 
namic acid ; for if, instead of the latter, benzoic acid should appear, it 
would tend in some degree to favor the opinion that the cinnamic acid 
was firSjt converted into hippuric acid, from which the benzoic ac|d was 
then produced. If, on the other hand, cinnamic acid were found in^the 
sweat, it would afford greater probability to the view, that the benz^id acid 
found in the sweat could not have been converted into hippuric acid 
before its excretion. Unfortunately, however, the quantity found in 
Schottin’s experiments was no morb than sufficient for a microscopico- 
chemical examination, but t^e microscope cbuld not settle this point defi- 
nitely, owing to the great resemblance between the crystalline form of 
these two free acids and of their salts. — a. B. n.] 


URINE. 

If there were aiiy branch of zoo-chemistry from which physiology and 
medicine might reasonably have expected to reap any certain kncwledge 
in reference to the vegetative processes in the animal body in health and 
disease, it was aSMuredl^ the urine. For if the physical properties and 
changes exhibited by this secretion, under different conditions, had even 
attracted the attention of the- ancients, and led them to the knowledge of 
a number of highly significant, although unexplained faefb, the sni^ect 
could not fail from its accessible nature, early to become a matter of 
inquiry on the revival of scientific investigatifU. The readiness with 
which the urine might be obtained, necesBarily’’^sciUtated the labors of 
experimentalists in a greater degree than is the case with most other 
(fbjects submitted to analytical investigation. Hence the early inquirers, 
whose attention was chiefly directed to the observation of animal phe- 
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nomena, made tke elncidation of this subject a special object of their 
investigations. Men such as van Helmont, Boerhaave, and others, who 
excelled in all branches of the sciences cultivated im l^eir age, instituted 
several very admitabla experiments with the urine ; while those who 
aided in establishing modern chemfetry, amongst whom we may instance 
Cruikshank, Fonrcroy,, and Vauquelin, have left us toleraWy perfect 
analyses of this highly compound fluid. At the beginning of the pre- 
sent century, ^he analysis or the urine was one of the earliest investiga- 
tions of BejjUBelkSj and it still ranks, after a .period of fifty years, as an 
index of the ooniposition of this fluid, as Well as a typo of the mode in 
which an analytical inquiry should be conducted. Modem investigators 
have devoted themselves, with all the ardor' and enthusiasm of a newly- 
created of revived science, to the chemical examination of the urine, and 
hence modern literature is overcharged with works on the subject. We 
have here no laok of systematic inquiries, conducted from physiological, 
or pathological^ points of vdew, o^ of individual analyses which have 
been undertaken with reference tu' some point of pure chemistry, or for 
purposes of Special diagnosis. In the place of any such deficiency, we 
have so vast an accumulation of such labors, that one might be disposed 
to believe, judging by its bulk, that the study of the urine was the most 
complete portion of physiological chemistry. In how far such a belief 
is confirmed by fact, we leave the reader to determine from the following 
pages, 

.scarcely necessary to observe that the urine, when considered 
from a physiological point of view, must be regarded as a fluid secreted 
by the organism from definite organs — the kidneys — and containing cer- 
tain soluble, nitrogenous, and saline substances, which have either ' be- 
come efiete through the metamorplipsis of animal matter, or have been 
conveyed into the amimal body, but are injurious to the animal func- 
tions. 

On examining normal human urine, we find that, when in a fresh 
state, it is of a lighter or deeper amber color, and has a bitter saline 
taste. When freshly passed, and while it rctainif the temperature of 
the body, it is perfectly clear and transparent, and has a peculiar, faintly 
aromatic odor. It is always somewhat heavier than water, although 
its densby never rises above 1*03 (in the normal state). It distinctly 
reddens litmus papef, although not always with equal intensity. When 
the urine is. kept in a clean vessel, it does not decompose so rapidly as 
has generally Menr supposed, especially when it contains a considerable 
amount of solid constituents. In urine, shortly after cooling, particu- 
larly if it be oohoentrated, and after it has remained for A long time in the 
bladder, as, fOr instance, in morning-urine, a light, cloudy*nlm becomes 
formed,«wldch gradually sinks to the bottom. Tim acid reaction gradu- 
ally increases when the urine is l^ppt for some time at a mean tempera- 
ture, and yellowish-red crystals, which aue even discernible to the naked 
eye, are timn deposited the mucous sediment, and on the sides of the 
vessel. In this conditielf the urine may often continue unchanged for 
several weeks, without undergoing further decomposition ; if, however, 
the urine be very dilute, and the temperature rises above the mean, a 
different process from that of acid fermentation is observed speedily to 



108 


URINE. 


occur. The urine is then found to be covered with a thin, fatty, shining, 
and frequently iridescent membrane, fragments of which gradually 
sink to the bottov^. ; The mucous sediment is then interspersed with 
dirty yellowish-Dfhite'J^kes, the urine acquires a pale color, its reaction 
becomes alkaline, 41^1 ft' begins to develope a nauseous, ammoniacal odor. 
The reddish-yellow crystals are replaced by white grannies, which are 
intermixed with colorless, strongly refractingy'plS'ismatic cnrstals. 

The urine of carnivorous mammalia diflbrs little from^ that of man. 
It is perfectly clear, generally of a much Hghter, almost straw-colored 
hue, and strongly reddens litmus paper. The urine of herbivorous ani- 
mals, on the contrary, is usually turbid, and in some cases even exhibits 
a decided sediment of a dirty yellow color. It has a nauseous, sweet- 
ish odor, and an alkaline reaction. 

The urine of birds and amphibia— animals in %rhom the ureters open 
into the rectum — jis gelatinous, semi-fluid, and translucent, when freshly 
discharged ; it rapidly dries in the air, and is then cohverted into white, 
cheese-like. Crumbling masses. 

The normal urine contains fewer morphological eontftitn.ent8 than any 
other animal fluid, although the peculiarly pavement epithelium of 

the” urinary passages, and more especially of the bladder, are never 
wholly absent. Virchow has drawn attention to the different forms of 
the epithelium of the bladder, which sometimes resembles three-toothed 
clampSj within which portions of the ordinarily shaped pavement epithe- 
lium are enclosed. The appearance of such cells in the urine ic ouly of 
rare occurrence ; they are found connected together, when the urine 
exhibits an abundant supply of epithelium, which had been peeled off" 
within the urinary tubes ; this is frequently the case after scarlatina, and 
less constantly after erysipelas. 

The mucous sediment of*normal urine is'found, on a careful microsco- 
pical investigation, to contain well-formed mucue-corpuicles, having a 
simple, lenticular nucleus. These bodies occur in increased quantities 
even on slight irritations of the mucous membrane of the bladder, and, 
still more constantly, in vesical catarrh and pyelitis, when the urine 
often depbsits a considerable, and apparently purulent sediment. In 
gonorrhoea, the mucus-corpuscles arising from the urethra are distinguished 
from «tho8e of the bladder and the remainder of the urinary tract by 
their greater 'sissp, and by their vitreous and but slightly graflular ap- 
pearance. 

Among the different molecules of morbid urine which have.vbeen 
recognized by the aid of the microscope, special attention has been 
directed to the iv^e-like, or cylindrical hodiee^ investigated by Nasse,* 
Ilenlo,® and Simon.® jOn attempting to classify them by their texture, 
we find that they admit of being divided into three kinds : the ^st class 
embracing those tul^-like formations, which appear to consist of the 
epithelial investment of the tubes of Bellini ; they are tolerably regular 
cylinders, to which the small cells and nuclei a^ear to adhere in a some- 
what honeycomb arrangement. These cylindc^do not in general occur 
excepting in the desquamative stage of acute exanthemata, and at the 

^ Correspondenzbl. rh, u. Westpb. Aertze. 1843, S. 121. 

^^eitsohr. f. rat. Med. Bd. 1, S. 60 u. 68. ^ MUller’s Arch. 1843, S. 26. 
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commencement of every inflammatory irritation of the kidneys. The 
second class of these cylinders consists of fresh exudation, which is 
formed within the tubes of Bellini, whose shape it regains, and consists 
of cylindrically granular parts, enclosing blood*ed^bgdes and pus-cor- 
puscles, and consisting apparently of fibnn; at i^ents they dissolve 
pretty readily in alkdies, while, the enclosed corpuscles are partly de- 
stroyed and partly distributed in the fluid. As these are true croupous 
exudations, they necessarily appear in all the inflammatory renal afiec- 
tions which vne usually included im the acute form of Bright’s disease. 
There is, however, frequently a third form Of these tubes, which occur 
in the shape of hollow cylinders with walls, which are so perfectly hya- 
line that they cannot easily be det<eoted under the microscope, unless by 
modifying the light. They are frequently compressed together, or plaited 
as it were, and even in some cases coiled round their axes. They gene- 
rally occur only scattered in the chronic forms of Blight’s disease, as, 
for instance, in fully developed fatty degeneration of the kidneys. 
When treated with potash, they disappear, leaving only a fine, granular 
substance. An epithelial cell, or a rudiment of it, may often be ob- 
served in this species of cylinders, which I can scarcely regard as any- 
thing but the membrana propria of the urinary ducts. Acetic acid 
causes them to disappear, but I have been unable to discover by washing 
with water, or by neutralization with acids, whether they have actually 
been dissolved, or have only swelled up, and have thus attained the sam^ 
refrac^g power as the surrounding medium. They must not be con- 
founded with the above-described croupous cylinders of fibrin. 

Spermaiozoa are generally present in the urine after nocturnal emis- 
sions, or the act of coition, and they are also believed to occur in the 
somewhat rare afiection of spermatorrhoea. They are not unfrequently 
found in the urine of typhous * patient? ; althcmgh in these cases there 
may probably have been previous erection with a discharge of semen, 
yet in this disease, they would sometimes appear to have passed from the 
urethra into the bladder, since they have been found attached to its mu- 
cous membrane in the bodies of persons who have diSd of typhus. 

Elongated mucm-plvgs, which appear, when examined under the mi- 
croscope, to consist of mucus-corpuscles arranged in rows, are frequently 
met with after gonorrhoea, and the so-called goutte militaire. • 

Eloodrcorpuaelez are of frequent occurrence; and, as. may be conjec- 
tured, they may originate from very different sources. They occur in 
small quantities in inflammations of the kindeys and urinaiy passage^ 
but more especially in Bright’s disease, in all the stages of which they 
have been found. If the urine be acid, the blood-cells remain for a long 
time without being decomposed, or kt most become somewhat jagged ; 
they are dually somewhat swollen, and approximate to the spherical 
form, beii% in general paler than in their ordinary ‘condition, although 
still characterized by a strongly defined outline. The salts contained in 
the urine are probably the cause of their not assuming the nummular ar- 
rangement. i# , 

Large accumulations of jihrin only occur in the urine in acute inflam- 
mations of the kidneys or uyinary ducts, and4hen always in association 
with blood-corpuscles. 
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When the urine is not perfectly fresh, it m found on examination fre- 
quently to contain certain organized matters, Trhich may be classed among 
vegetable substa&filly^'Cr infusoria. These are gradually developed in the 
acid urine, and ji^e^ especially in the mucous sediment, from 'which, as 
it would appear,/ ithere are formed certain microsoo]noj/E2em>srat(ms^»^i, 
which are very, similar to the mykodenna cerevisise, differing only in 
being considerably smaller (^Its to Iwviitg a spherical rather than 

an oblong shape, and a distinct eccentric,:; nucleus. Tbejr appear 
to be developed precisely in the same manner as' the yeast-fungi ; when 
the urine begins to lose its acid reaction, they’ may be observed upon the 
surface of the fluid, and probably contribute towards the formation of 
the membrane with which it is frequently found to be covered. The 
more complex vegetable organisms are not formed until the urine has 
begun to be alkaline ; when we may observe numerous conforvoid fila- 
ments, with or without spores, which often form a dense network, whose 
separate thread/are commonly seen to extend over the whole field of 
view, even when examined with low powers. 

Infusoria may always be detected in the urine aft^r it has become al- 
kaline : the form usually present is the ordinary filamentous or rod-like 
vibrio (vibrio lineola although moving molecular specks are also ob- 
served, which Hbfle‘ regards as the monas termo of Ehrenberg. 

We have already mentioned, at p. 527, that Heller seems on one oc- 
c^ision, also to have found the sarcina ventriculi of Goodsir in the urine.* 

We now pass to the non-organic formations of chemical substances 
which occur in the urine, and which give rise to the urinary apdhnents 
when present in large quantities ; amongst these the ordinary amorphous 
urate of soda occupies the principal place. We have already noticed 
this substance at length, at p. 194 of vol. i., where wo also referred to 
the occurrence of urate cf ammonia,, in the form of dark globular mole- 
cules studded with fine needles, in urine that- has become alkaline. 

The prismatic crystals of the phosphate of ammonia and magnesia, 
occur only in neutral or alkaline urine ; this substance was also noticed 
at p. 382 of vol. i.* 

The octohedral crystals of oxalate of lime, which are found in small 
quantities in the normal urine, and ^ greater abundance in certain mor- 
bid conditions, have also been described in vol. i. pp. 60-54. 

The crystils nf cystine, described in vol. i. p. 164, constitute a less 
frequent spontaneous sediment of mmrbid urine. 

Urea o6cupiffi the first place amongst the chemical consdtueni^iof the 
dline, both because it exceeds in quantity all the other solid com^uents 
of this fluid, and on account of the important part which' this body 


plays amongst the d^ritus of the metamorphoses of Animal matter, both 
in a physiological and in a chemical point of view. . AH these relations 
have already been fully cCnsidered in vol. i. pp. 148 t"166. » 

A similar observation may be made in reference to the uric acid 
present in the mine (vol. L pp. 182-200). 

> Ghem, u. Mikr. Naektrage^ S. 169. . 

* [Heller has since recorded a second case. See Arch. f. Chim. ti. Mikros. New 
Ser. Bd.oi. B. 80.. A case has aAo been met with 1^ I>r. Hackay. See Bennett’s “ In- 
trodnetion to Clinical Medicine,” 2d ed. p. 96. — e. B. n.J 
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We have already stated in our description of the chemical and physio- 
logical relations of hippurie amd (see vol. i. pp. 173-182), that this 
acid must be regarded as a normal constituent of h^ppSa urine. 

Liebig’s discovery that the nitrogenous and esyel^llizablflk bodies, 
known as ereatme and ermtimne^ which sf e contained m the fluid of the 
flesh, also occtnr in the urine, induced us to enter' into a full considera- 
tion of these substances m to first volume. (See pp. 126-133.) 

We have already spoken^ in vol. i. p. 99, of the. occasional presence 
of lactic acid and lactates. 

We treated at pp. 283-286, vol. i., with all possible brevity^ of the 
extractive and coloring matter 6 of the urine ; , and as it would only lead 
to confusion, if we were to notice the numerous and fruitless observations 
which have been made on this subject, we will leave this question for the 
present, in the hope that it may speedily be elucidated by the scientific 
exposition of some able inquirer. We must, however,^ observe that the 
extractive matters occur in very variable quantities in. the urine, more 
especially during disease, although it may also be the case in health 
during difierent physiological relations. Thus, for instance, Scherer* 
found that children, in relation to their bodily weight, excrete far more 
extractive matter through the urine in 24 hours than adults. He 
found that the sum of the excretion was 0*346 of a gramme in the 24 
hours for every kilogramme’s weight of a child, while in the case of an 
adult it was only 0*156 of a gramme for every kilogramme’s iijeight. 
Scherer, moreover, made a very remarkable observation on an insane 
person;, who, although he had scarcely taken any nourishment for four 
weeks, yet discharged a large quantity of extractive matters, exceeding 
even the amount of the urea; thu% for instance, he excreted 9*4§ 
grammes of urea and 10*59 gramm^ of ^extractive maatters in the 24 
hours. There is, however, ond substance con^aled in these extractive 
matters, to which the attention 'of chemists has been specially drawn 
by Scharling.® This substance is contained in the** ethereal extract of 
the urine, where it occurs mixed with pigment, with a fatty matter, and 
with volatile fatty acids. Unfortunately, however, all’atteiBpts to obtain 
this substance in a perfectly pure state for the purpose of investigation 
have hitherto failed. This body, to ^hich Scharling gave the name of 
oxide of omwhmyl, resembles resin, fuses in boiling water iito a yeUow* 
ish oil, and dissolves in alcohol, ether, and alkalies. lt< {bust, for the 
present, remain undetermined whether the acid reactiott depends upon 
some acid associated with it, or whether . it appertains |o the oxide of 
omichiWyl. When dry it smells like castoreum, but when moist it has % 
somewhat ' urinous odor, and when treated with oil of'» turpentine it 
devclo^es a violet-like fragrance. It is decompose^ by heat. On treat- 
ing it with chlorine gas, Scharling obtained a substance whose composi- 
tion was Sz Cj 4 HjC 1 O 4 , and, therefore, perfectly isomeric with chloride 
of salicyl. It must, however, still remain as open question, whether 
the oxide of omichmyl is Mtually precipitate^ and the above-described 
substance is a simple hy^ogcn-compound, 6 j 4 nj 04 , of the chloride 
analyzed by Scharling, .uds compound being isomeric with salicylous 

• Terliandl. d. phya.-iaed. GSs *u W1i«bnrf. Bd. 8, S. 187-190. 

* Ana. d. Ch. u. Pharm. Bd. 42, S. 265. 

♦ 
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acid ; for it might easily be the product of decomposition of a more 
complicated compound. Unfortunately, the above-described body was 
unfit for an elemm^y analysis, as it could not be exhibited in a per- 
fectly piwe state'. TChis oxide of omichmyl did not yield the same 
reaction as the salieybbompounds, when treated with nifarate of iron. 

Mueom juice, as already mentioned, always occurs in the normal 
urine, although it is often present in very small quantities. It exhibits 
all the properties which are ascribed to the mucous juice generally (see 
p. 8T of this volume). 

We have already (see vol. i. p. 51) shown at length that oxalate of 
lime must be regarded as a normal eonstituent of the urine, in which it 
occurs in increased quantities during certain physiological and patho- 
logical conditions. 

The chlorides of sodiupi and potassium occur in very variable quan- 
tities in the urine, as has been already stated (in vol. i. p. 387). Hegar^ 
has recently instituted experiments, under the direction of Julius Vogel, 
on eight persons, for the purpose of ascertaining the fluctuations in the 
amount of chlorine in the urine : the following are the results of these 
investigations ; the mean amount of chlorine in the urine is 10’46 
grammes in the 24 hours, although the quantity varies very considerably 
in different persons. In the afternoon the secretion of chlorine is at the 
maximum (although not immediately after dinner), in the night it sinks 
the lowest, and again rises in the morning. Bodily exertion increases 
the excretion of chlorine ; indisposition diminishes it somewhat rapidly. 
The secretion is augmented by drinking water, but it is afterwards pro- 
portionally diminished. When chlorine-compounds are taken after fast- 
ing, the secretion remains for soqj^e time less than it would otherwise 
have been. Even when no cWoriiie-compounds are introduced into the 
system from without, a little alkaline chloride is still separated with the 
urine. When more than the usual amount of chlorine is taken up, the 
secretion is simply augmented for a short time ; but, on the whole, less 
chlorine is excre(pd by the urine than is taken up ; the excess of chlo- 
rine must, iJlerefore, be eliminated by some other channel. It only 
remains for us to observe, that the quantities of the alkaline chlorides 
are diminished in aji extraordinary degree under certain pathological 
conditions ; this being especially the case whenever copious transudations 
or exudations htve been separated from the blood within a short period 
of time; but ^is remarkable that this diminution is frequently only 
observable wheb we take into comparison the quantity of the.ijkaline 
chlorides discharged with the urine in twenty-four hours ; thlSHaccurs, 
for instance^ m acute dropsy, the acute form of Bright’s '^ease, in 
copious diarrhoea, iuocholera, and typhus. On the other hand, thd dimi- 
nution of the metallic chlorides is frequently so considerable in inflam- 
mations accompanied with very copious ezuwtions, that nitrate of silver 
will scarcely induce any decided turbidity in the urine when first dis- 
charged. This was observed 1^ Heller,^ first in pneumonia^ and after- 

* Ueber die Ausscheidung der Chlorverbindungea duvcli den Harn. Inaugaralabh. 
d. med. Fac. zu Qieseen vorgel. 1862. . ^ 

Chem. u. Mikros. Bd. 4» S. 516-^26. [We also refer the reader to a 
Memoir by Dr. Beale, “ On the Diminution of the Chlorides in the Urine, or their 
t' absence from that fluid, in cases of Pneumonia,’* in the Tranpkctions of the Med. Chir, 
Soc. for 1862, Vol. 86. — o. *. d.] 
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wards in other considerable inflammations. Redtenbacher^ has, how- 
ever, seen in 80 cases of pneumonia that the amount of the chiorido of 
sodium fell to a minimum ; at the crisis of the dise||M| nitrate of silver 
actually yields no precipitate in acidified urine ; wira the decrease of 
the inflammatory process the chlorides a^in gradually increase. Even 
after the use of hydrochloric acid, lledtenbachmr was nnable to detect 
any chlorine in the urine of persmis affected with pneumonia. Accord- 
ing to the same observer, chlorine disappears for a short time from 
the urine during relapses in pulmonary tuberculosis. In acute rheuma- 
tism, capillary bronchitis, and typhus, the chlorine frequently, although 
not constantly, disappears from the urine for a short time. 

We have already spoken in vol. i. p. 399, of the amount of sulphates 
present in normal urine. Observations have been instituted in reference 
to the fluctuations occurring in the amount of |ulphuric acid present in 
the urine ; among these analyses, those of Bence Jones’ and of Gruner,’ 
conducted under the direction of Julius Vogel, deserve special notice ; 
the following were the results which were obtained : an adult {whose 
bodily weight is 60 kilogrammes) discharges on an average 2-094 
grammes of sidphuric acid in 24 hours (Gruner). The amount of ex- 
creted sulphuric acid rises during theq)oriod of digestion, falls somewhat 
in the night, and is at its minimum in the forenoon (Gruner and Jones). 
Active bodily exercise and mental excitement seem alone able to in- 
fluenjjc the increased secretion of sulphuric acid in the urine ; moderate 
exercise: does not influence it (Jones aud Gruner). Fasting does ndl 
diminish the excretion of sulphuric acid, at least during the first 24 
hours. This secretion is increased for a short time, but afterwards pro- 
portionally diminished, by copious ^^aughts of water (Gruner). Sul- 
phate of soda, potash or magnesia, is perfectly eliminated by the urine 
in 18 or 24 hours after it half been taken (Gj’uner and Jones). The 
amount of sulphuric acid in the urine also increases after the adminis- 
tration of sulphur. In the meanwhile, this phenomenon is not constant, 
and may, perhaps, depend upon the amount of exudation that is formed. 
It is certain that this deficiency of the alkaline chlorides in the urine is 
of very short duration ; indeed, I have never found it continue longer 
than three days. The quantity of the chloride of sodium rises, accord- 
ing to Heller, above the normal mean on the beginning of the resorption 
of the inflammatory exudation ; but, although this may possible, or 
even probable, it has certainly not as yet been proved ;Wpr, as we shall 
soon see, the method recommended by Heller does not afSbrd the means 
of asoertyning the normal quantity of the chloride of sodium, or even 
of detecting a small excess above the average. 

We have already spoken (in vol. i. p. 398) of the presence of alkaline 
eulphatea in the ixrine ; and it, therefore, only remains for us to state, 
that Heller has also attempted to investigate the fluctuations in the 
quantity of sulphates contained in morbid urine, by his meth^ of ap- 
plying baryta .salts to urine, which had been previously acidifieoT From 

* Ber. d. kais. Ak. d. Wiss. ztf 1850. 

* PhiloBophioal Transaotions. %849, pp. 262-260. 

* Die Ansscheidung der Sehitrefelaanre durch den Ham. Inaag.-Abk. der msd. Fac. 
2u Giessen Torgel. 1862 . 

VOL. 11, - ‘ ^8 
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these observations, he thinks he has found that the sulphates increase in 
the urine in inflammatory diseases proportionally to the degree of inflam- 
mation which k(.j|||g|^t. ^ 

I did not suqfieedtn confirming Heller’s statement in three successive 
series of expetimehis which I made on the urine discharged in the course 
of twenty-four houfft hy pleuritic and two pneumonic patients. Re- 
latively, the urine <^tainly contained mor^ sulphates than in its normal 
state : that is to say, in 100 parts of inflammatory urine (whose specific 
gravity was ineneased) there were more sulphates than in 100 parts of 
the normal (specifically lighter) fluid of the same salient after his per- 
fect restoration. There were from 4*512 to 5*842 grammes of the sul- 
phates of potash and soda (all the potash being calculated as combined 
with sulphuric acid) discharged Jby these patients during the twenty-four 
hours, whilst the urine ^^charged after recovery during the same period 
yielded from 4*974 to 6^82 grammes of the sulphates. Heller found 
the sulphates of the urine diminished in chlorosis, neuroses, chronic dis- 
eases of the kidneys, and in afiections of the spinal cord ; but, as the 
urine is generally very highly diluted in these diseases, we may conjec- 
ture that Heller, in estimating the volume of precipitated sulphate of 
baryta, may not have taken into account the large quantity of water in 
the urine. In one case of decided chlorosis, I found that 6*247 grammes 
of the sulphates of potash and soda were discharged in twenty-four 
l}.ours., 

The normal urine contains acid phosphate of soda^ and not the basic 
phosphate, as asserted by Heller, — a fact that has been clearly •shown 
by Liebig.* (See vol. i. p. 395.) — Careful investigations have been in- 
stituted by Breed* and by A. Winter,* in reference to the amount of 
phosphoric acid in the urine. The mean of several experiments on dif- 
ferent individuals showed that there wdre eliminated in the 24 hours 
from 8*765 to 5*180 grammes (Winter), or 3*732 grammes (Breed). An 
increased use of fluids slightly raises the number of the excreted phos- 
phoric acid (Bregd), but according to Winter this is only observable in 
the first three or four hours. In the night very much more phosphoric 
acid is elimipated than in the morning, although then even less than at 
noon (Winter). The amount of ^xcreted phosphoric acid rises very 
considerably after taking food (Breed and Winter). This salt increases 
and dimiiuahl§s,«'according to Heller, in nearly an equal ratio with the 
sulphates i-tBe^llb Jones,^ however, once found them to be oons^erably 
diminished in a case of cei'ebral inflammation. , 

The pimphatec of lime and magneeia occur in very varioii|i^|iii^tities 
in the normal urine ; but where the food has been mixed, there are gene- 
rally about 1*093 grammes of the earthy phosphates discharged by the 
urine in the twenty-four hours. The quantity of this salt in the urine 
depends in a great d^ree upon the nature and quantity of the food par- 
taken o% that is to eajt e much larger amount is secreted when the 
food is piuroly animnl than when a vegetable diet is used. Thus, in my 

I Ana. d< Ch. a. Pharm. Bd. fib, 8. j > IbU. 78, & 150-1&2. 

* Beitr'ace Eur £eimtiu 89 .der Urmal;>aondeirttng. bei laai|Lguralabb«.da mad. 

Fao. XU Oiessea Torgel. 1M2. ^ ^ 

^ ^ Pbiibs. Transaetioiia for 1846, p« 449. 



ITS CHEMICAL CONSTITUENTS. 


115 


own case, while I continued for twelve days to live solely on animal food, 
I discharge, on an average, 3’5622 of phosphates in the twenty-four 
hours. The quantity of phosphate of lime is oft^’ |flliid to be consider- 
ably diminished in th^ urine of pregnant l^nnd* has very 

correctly stated, and this is especially the case from the sixth to the 
eighth month of pregnancy ; at the same time, the <|uanfity of the lime 
is scarcely diminished. Here also the uaturd 'of thO food may have ex- 
erted a special influence, oit the quantitative relation^ of the earthy phM- 
phates in the urine, as td'ay be seen from analyses of this secretion in its 
morbid state. In tho^e acute diseases in Tfhich, on account of an anti- 
phlogistic diet, only small quantities of animal food are taken, the secre- 
tion of the phosphates is very much diminished, as compared with that 
of the urea in the normal state. Heller, who has made important ob- 
servations on the variations in the quantity of ’^e phosphates, considers 
that they are increased in rheumatism and di^ases of the ear, and di- 
minished in acute and "Chronic spinal affections, neuroses, and in acute 
and chronic diseases of the kidneys. 

If any evidence could be drawn from one observation, I might be in- 
duced to believe that there is an excessive secretion of the earthy phos- 
phates by the urine in rachitis. A thoroughly rachitic child, aged four 
years, discharged by the urine, which was very acid and contained oxa- 
late of lime, as much as 0*496 of a gramme of the phosphates in twenty- 
four hours ; whilst another child of the same age, and who, like the first; 
had been fed principally upon milk, with some meat and white bread, 
secreted 0*845 of a gramme in the same period. 

Iron is very commonly present in small quantities in the urine, 
although it is sometimes absent in this^fluic^ in healthy persons. There 
has been much difference of oppioU'.as to whether or not the urine in 
chlorosis contains iron ; but this question mighf easily have been settled, 
if more practicable methods had been employed for detecting the iron. 
According to my own observations, iron occurs in the urine, of chlorotic 
patients as well as in that of healthy persons, although 4t may in some 
cases be entirely absent ; as the urine in chlorosis is generally poot in 
solid constituents, it is necessary to employ a large quantity of this 
secretion in order to detect its presence. It is, however, worthy of 
notice, that after the use of ferruginous preparations, whetlysr employed 
in chlorosis or any other disease, iron may be detected^ fresh urine, 
either directly by the ordinary reagents, or only in sms^ quantities in 
the ash pf the urinary residue. I have been unable to determine the 
relation^ VrlSch induce such an increased activity in the resorption of the 
iron as to enable larger quantities of it to pass into the ur&ie. 

A small quantity of mixa may also be found in tho urine, as wa^ shown 
by Berzelius (see vol. i. p. 884). 

The urine likewise holds in solution gases, namely, carbonic acid 
(Marchand),* with a little nitrogen. Both admit very readUy <3f being 
exhibited by the method flOicribed at p. 55 Of tbiw volume. 

The quantity of water in the normal urine is so exceedingly different, 
even under purely physiological conditions, that no definite estimate can 

' Ga*. M4d. de Paris, 1841. No. 22, p. 47. 

* Joum. f. prakt. Cii. Bd. 49, 8. 260. 
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be made of it. The quantity of water which permeates through the 
kidneys is entirely independent of the quantity of solid urinary constitu- 
ents which are ai^ltlineously secreted ; although, according to Becque- 
rel’s observatioiw/, which I am able perfectly to confirm, large quantities 
of water may siiBultatieaasly carry off a large amount of solid consti- 
tuents with the hrinn; that is to say, when largo quantities of water have 
been drunk, more sidid constituents are generally carried off by the urine 
in the twenty-four: hours than when but little drink has been taken. 
Falk* has instituted very careful investigations 4n reference to the same 
subject, and has obtained very opposite results ; but three experiments 
are not suflScient to warrant us in regarding this question as finally 
settled. According to Falk’s observations, water is eliminated in about 
six hours after it has been taken, while a certain quantity of urine is 
eliminated in a fasting ^te, even when no water has been introduced 
into the organism. But' the quantity of water which passes off in the 
urine depends upon such various reason's, that the causes of its diminu- 
tion and increase in this fluid cannot always be determined, even under 
purely physiological relations. These controlling causes are more espe- 
cially the quantity of water drunk, or absorbed, in the bath, the nature 
of the stools, and the more or less copious transpiration which again 
depends upon the external temperature, the degree of moistime of the 
atmosphere, bodily exercise, and many other internal and external 
cause#. 

Some interesting experiments on the influence of the injection of water 
into the blood simultaneously with bloodletting, have been made by 
Kierulf,* in Ludwig’s laboratory. It would appear from these observa- 
tions, that a considerable attenuation of the blood generally gives rise to 
a secretion of albumen through 'the kidneys, followed by haematuria, 
which, however, is probably not accompanied by laceration of the capil- 
laries of the kidneys. The rapidity with which the urine was secreted 
bore no proportional relation to the amount of water contained in the 
blood. 

Much obscurity’long prevailed as to the cause of the chcid reaction of 
the normal urine, which was originally referred to lactic and even to 
acetic acid ; but this subject has at^ length been set at rest by Liebig, 
wh6 has shojjm that the acidity of normal urine can alone depend upon 
acid phospha^ of soda. Thus, for instance, when ordinary phosphate 
of soda (w4tibh^%e is well known, yields an alkaline reaction) isailjiBSolved 
in water, and the solution is gradually treated with uric which 

exerts no> reaction on vegetable colors, a fluid is obtained, wM^^^ heat- 
ing, reddens litmus paper, and on being cooled deposits a whito crystal- 
line powder, which, exhibits under the microscope the most beautiful 
groups of prismatic crystals of urate of soda. Since so extremely weak 
an acid as uric acid caff abstract from the phosphate of soda a portion 
of its base, we can hardly deny that stronger adds, such as hippuric, 
lactic, and sulphuric aqds, may, immediate^ after their formation by 
the metamorphosis of animal matter, convert neutral phosphate of soda 

< S^meiotique des tTrinei, &o. I^aris, 1841. 

** « Aroh. f. physiol. Heilk. Bd. 12, S. 150-166. 

. 3 Mitth. der haturf. Ges. xu Zurich. Juli 1852. 
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into an acid salt, in which form it then passes into the urine, together 
with the already formed sulphate, lactate, and hippurate of soda. If 
this mode of explanation be applied to the aciditj^ '•Pi^rery species of 
urine, freshly discharged urine would not saturate A ^ger amount of 
base than would correspond with the quantity of phosphate of soda which 
it contained. The observations necessary foi^detemining this question 
are not, however, so easily conducted as one might at first sight suppose ; 
for when the urine has been treated with so much alkali that its reaction 
is neither acid nor alkaline, thei*e must obviously still remain the acid 
phosphate of soda in the solution ; for the neutral phosphate of soda has 
an alkaline reaction, and, therefore, the acid salt cannot bo neutralized 
whilst the prine continues to exhibit no reaction towards vegetable colors. 
On this account, I have endeavored to determine the quantity of the free 
acid in the urine by the following method: I precipitate the urine with 
an excess of chloride of barium, and after boiling tne precipitate with a 
very weak solution of sulphuric acid, determine the weight of the sulphate 
of baryta. I next digest equal quantities of urine with freshly precipi- 
tated carbonate of baryta until the acid reaction has entirely disappeared, 
and after acidifying the filtered fluid with a little acetic acid, precipitate 
by means of chloride of barium. This precipitate also is boiled in an 
extremely dilute solution of sulphuric acid, and then weigltipd; the 
quantity of the latter is far smaller than that of the sulphate of baryta 
first weighed, and this difference betw'een the two weights gives the 
quantity of sulphate of baryta necessary to yield a sufficient amount of 
base to saturate the free acid contained in the urine. Hence we may 
easily calculate from the chemical equivalents the amount of the free acid 
or of the acid phosphate of soda. If this method did not lead us to cal- 
culate a larger quantity of aoi<^ phospliate of soda in the urine than it 
would appear from another mode of analysis tllhro actually existed, the 
acid reaction would depend solely upon the acid phosphate. Although 
this was not unfrequently the case, I found still oftener that the opposite 
condition existed in healthy as well as in morbid urine ; that is to say, a 
comparison of the baryta salts commonly yielded a higher number for 
the quantity of the acid phosphate of soda than was found by direct 
analysis to be present, and hence there must, in most cases, be some free 
organic acid present in addition to the acid phosphate of i^a, or dbrno 
other acid salt which reddens litmus paper. We must, however, beware 
of drawkptg too hasty a conclusion in reference to thisjmbjdbt, for the 
aoidit;^f urine often increases so rapidly after its discharge, owing 
to theCfl^Ation of lactic or acetic acid, that the excess of free acid 
observed in flhie abovo-mentioned experiments may perhaps be owing to 
the lactic acid formed after the urine has left the body. On the other 
hand, we frequently find such an excess of free acid in morbid urine, 
compared with the phosphate of soda, that this mode of explanation is no 
longer applicable. The acid reaction of the urine depends, therefore, in 
many cases, on the preseii^ iof hippuric and lactic acid no less than on 
that of the acid phosphate of soda. * If, moreover, the latter substance 
•alone were present in the urine, the phosphates of lime and magnesia 
could only be dissolved in it either as acid phosphates or by means of 
another free acid. But if, in this calculation of the free acid from the 
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precipitated, baryta salts, the eatH;hy phosphates had been included in the 
Treighing, the resuljb , always remained the same ; or, in other ^ords, there 
was more free conld be .accounted for from all the acid phos- 

phates of the uri^ water-extract of the urine commonly exhibits 
an acid reaction,' ^IftotwithstaQdmg repeated , rinsing with alcohol, solely 
owing to its coatau^d, a<^ earthy phosphates, which ^must be present 
wherever lactic or. hippiuric. acid 460nstitutss-;the acidifying principle of 
the urine. , > , . ^ 

The fluctuations in the amount of free acid ii^the urine during health 
hare been made a special object of attention by Bence Jones^ and A. 
Winter.® A. Winter found that an adult of average bodily, weight (67 
kilogrammes) discharged in the 24 hours as much free acid as^ would cor- 
respond with 2*304 grammes of oxalic acid. (The amount of the free 
acid was determined by means of .a solution of ammonia of known 
strength.) It appeared^ moreover, from the experiments of both these 
observers, that during the period of digestion, that is to say, in the 
afternoon hours, the quantity of the free acid was at its mean ; it 
attained ittf maximum during the night, and fell far below the mean 
during the forenoon. It would appear from the experiments of Jones, 
that ^e diminution of the free acid was more decided after the use of 
animal &od than after the use of mixed food, and more especially of a 
veg^tabre diet, which is the more remarkable, since we know that a 
purely vegetable diet gives a very faint acid or even an alkaline reaction 
to the urine, whilst the latter becomes very acid after the use of animal 
food (see my investigations on the urine under difierent modes of diet), 
this being the case, as Bernard has observed, even in herbivorous 
animals, which usually discharge an alkaline urine. Nevertheless, these 
observations, which are in direct c^pposition to our own experiments, de- 
serve to be more carefully investigated. 

The spontaneous decomposition of the urine stands in the closest re- 
lation to the formation of its sediments, and even to the formation of the 
urinary concretions, as Scherer* has shown by several beautiful observa- 
tions. We will next direct our attention to the almost normal sediment 
of the urine, which, as wc have seen in vol. i. pp. 194-197, consists 
essentially of urate of soda, and commonly occurs under v^y difierent 
physiological and pathological relations. This sediment is often formed 

S s soon as^thh, freshly discharged urine cools,, and hence we might be 
isposed IjHhelsktv^ i^° occurrence indicated nothing mcne Bit^ such 
an increase of the urate of soda that the latter could no longefr^^ held 
in a state of solution in the urine at the ordinary temperatui^i< ^his 
view is supported on the one hand by the fact, that such rapi^y formed 
sediments of urate soda are often completely dissolved on, the addition 
of loss concentrated urine, and on the other, by all the^,. sediments* be- 
coming again dissolved as soon as the urine is heated to 50 or 60° 0. 
But it hardly requires the of the thermometer to trace the connec- 
tion between the fall of the temperatune. and the detrition of a 
sediment, to convince ourselves that, in moift cases, the turbidity and the 
formation of a sediment in the urine occur long after the temperature of < 

^ * Philosophical TransaoUons. 1849, pp. 285-261. * Qp. oit. 

* Anu. d. Ch. u. Pbarm. Bd. 42, S. 171, and Untersuch. a. Pathol. 1843, S. 1-17. 
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the fluid has become identical with that of the surrounding atmosphere ; 
thus a period of eight, ten, twelve, or even twenl;y-foRr hours, often in- 
tervenes before the 4epoution of the precipitate of soda. The 

analysis of the urine shows, moreover, as Becquerd 1^cia!!y noticed, 
that a non-eedimentar^ urine very often) obtains a much larger quantity 
of urates than a sedimentary one. The e^aratipn of urate of soda 
must, >therefore, depend upoB< some ot^er cause ‘^n on the mere de- 
crease of the temperature of the urine* The simplest induction leads us 
to assumo that some 'alteration must occur in the) urine when it is 
exposed to the ' atmosphere, which it does hot experience within the 
hladdes, and which is independent' of a mere diminution of temperature. 
This alteration must, therefore, originate in some metamorphic process 
efiected by the atmosphere in one or other of the constituents of the 
urine. The following facts induce tis to regard the colored extractive 
matter, or the extractive pigment of the urine as the substance which 
causes a large quantity of the urate of soda in the urine to remain in a 
state of solution, and which by its metamorphosis gives rise to the sepa- 
ration of a large portion of this urate. We know that this coloring 
extractive matter combines especially with the urates, whose properties 
it essentially modifles. I have elsewhere' shown that it is this extrac- 
tive substance which hinders the urate of soda, when a warm aalution is 
suffered to cool, from separating into the well-known groups offrystals ; 
for if we add to a solution of urate of soda, which had deposited beau- 
tiful colorless bundles of crystals on cooling, some of the extractive 
matter of the'urine which is soluble in alcohol, this salt loses its capacity 
for crystallization, and the same corpuscles are deposited in the cooling 
solution, which are generally found, although not in a crystalline form, 
to be separated from the urine, and which, moreover, occur in a smaller 
quantity, as may be seen by the naked eye, independently of weighing. 
Any one, moreover, who has collected on a filter this spontaneous 
urinary sediment, must have noticed that the metamorphosis of the pig- 
ment exerts a direct influence on the entire constitution of the urate of 
soda. On examining the deposit upon the filter, th<? bright-red or even 
scarlet color assumed by the sediment strikes the observer very forcibly ; 
but on examining it more attentively, either through the microscope, or 
after we have attempted to dissolve it in hot water and to filter 1;t, a 
number of the most beautiful crystals of uric %cid will ap^ar, of whiolt 
not a trace can be discovered in the portion of the urin^wlUfeh was not 
filter^ and whose sediment, from not having been exposed to the action 
of thffMr, Exhibited no redness. All these appearances certainly indi- 
cate that thfe pigment of the urine, which, according to •Duvemoy* and 
Scljorer, participates in the separation of uric acid, may also contribute 
to the formation of the ordinary sediment of urate of soda. Even if we 
are not disposed to regard the extractive matter as a simple solvent, 
according to the above view, we might yet assume that the neutf al urate 
of soda was dissolved in fresh urine that was very rich in uric acid, whilst 
a little acid might be fotmed by this metamorphosis- of thfe pigment, 

‘ which might extract an equivalent of base from the simple urate of soda, 

> Gosolxen’s Jahrest)er. 1844. Bd. 2, S. 26. 

• Unters. fiber d. menschl. Urin. Stuttgart, 1836. 
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and thus give rise to the formation of the bi-mrate. (See vol. i, p. 185.) 
This view is corro^rated, in the first place, by the fact that this ordi- 
nary sediment cerfiinly does consists of the bi-urate of soda, and in the 
next, by the fact that in the above-described experiment, in which the 
sediment had been collected bn the filter, and it vras then attempted to 
dissolve it in hot water, tbe filtered fluid did net eshibit an alkaline re- 
action, although a large portion of crystalline uric acid free from soda 
remained upon the filter. It requires, however, further experiments to 
elucidate this much-neglected department of zoo-chemistiy. 

It must be observed, that Scherer has demonstrated, klmost beyond a 
doubt, by means of several striking experiments, that the metamor- 
phosis of the pigment exerts a great influence on the formation of the 
sedimenti of uric acid. (For the chief varieties of the forms of uric acid 
see figs. 18 and 14, page 191, and fig. 23.) We have already shown, in 


Fig.28. 



Fan-shaped aggregates of tabular crystals of uric acid, rather less often met with in urinary deposits. 

vol. i. p. 196, that, except perhaps in lithiasis, sediments composed of free 
uric acid never occur in freshly passed urine, nor can they be generated by 
the more cooling of the urine. Hence I can only regard uric acid sedi- 
ments as products of the decomposition of the urine after its removal from 
the animalnrganism. Thb different kinds of urine vary solely in respect 
to the rapimty with which any one kind of morbid, or normal, urirfd under- 
goes acid fermentation sooner than another, and thus givbs the 

formation of the insoluble sediments of uric acid. Scherer watfOTe first 
who recognized and attentively followed this process of acid urinary 
fcrmentaction. Every normal, non-sedimentary urine, when exposed to 
the ordinary atmospheric temperature, begins, after a longer or shorter 
period, ]^o separate uric acid, and to exert a stronger reaction on litmus 
paper ; we may, moreover, convince ourselves most strikingly of the in- 
crease of free acid in the urine by the volumetric method, which corre- 
sponds to the alkalimetric. Faintly alkaline urine, ^such as is passed 
after vegetable food which is rich in alkalies, or after several doses of 
'acetate or tartrate of potash, acquires, after a short time, an acid roae- 
Mon, which increases so much under favorable conditions, that any 
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turbidity, 'ffhioh may have arisen from the separation of earthy phos- 
phates, disappears, and crystals of uric acid are . separated. Scherer, 
and subsequently to him, many other observ:er|,> ^ve noticed that 
jaundiced, brownish-yellow, faintly acid urine becomes strongly acid, 
and that,, in place of this color, it assumes, a green tint, owing to the 
peculiar action of the free acid on the bile-pigment. - 

The duration of the acid fermentation of the urine extends, according 
to Scherer, to four or five days, although in a temperature of frotn 10 
to 20° C., I have seen the acid of the urine increase for two or three 
weeks, and then ■often not disappear until after a period of six or eight 
weeks. Scherer explains this process on the supposition that the mucus 
of the bladder is a fermenting body, and that the extractive pigment is 
the substance metamorphosed into lactic acid. I have, however, fre- 
quently observed, as Liebieg had previously done, that acetic acid is also 
present. Scherer’s view derives support from the fact that the acid fer- 
mentation of the urine may be in^eded, or interrupted, by most of the 
conditions which in other cases obstruct fermentation, as, for instance, 
by the addition of a little alcohol, by boiling the urine (when the forma- 
tion of an acid is retarded for a prolonged period), and finally, by re- 
moving the mucus by filtration. The influence of tlxe latter is also ob- 
vious, from the circumstance already- mentioned at p. 110, tl^A a species 
of fermentation-globules, or yeast-fungi, are generated in anirfrom the 
mucus^ during the process of acid fermentation.^ I must again draw 
attention to the possibility that oxalate of lime (see Figs. 1 and ^26) may 
be formed, or, at all events, separated during this process of fermenta- 
tion ; at all events, the close connection between the separation of uric 
acid and the formation of this salt, seems to bo proved by the fact that 
most samples of urine, whether sedimentary or non-sedimentary, exhibit 
no trace of the presenee of* oxalate of lime^wben examined under the 
microscope, as long as they are fresh, although some of the known 
crystals of oxalate of lime may be detected as soon as the uric acid 
crystals are formed. Indeed the abundance of such crystals in morbid 
urine is proportional to the rapidity with which acid fermentation is 
induced, and the consequent early deposition of irce uric acid. 

From the fifth day to the secoiyl or third week after the discharge of 
the urine, the free acid begins gradually to diminish ; confervm and algm 
are then observed, in addition to the filamentous fungi In the sediment 
and on the surface of the urine, when examined under thjp* microscope. 
Thfe^ine finally becomes neutral, the yellow crystols of uric acid dis- 
ap]^8ar, or in their place, we find the well-known crystals of phosphate 
of magnesia and'ammonia, either in the form of large, colorless pyra- 
midal prisms or in small radiated groups of needles or larger prisms. 
(See Figs. 24 and 25.) ^ The urine becomes alkaline, acquires a most 
abominable odor, and is covered with whitish-gray membranes, which 
swarm with innumerable vibriones and monads, in addition te vegetable 
products. The color of :^e uric acid sediment is, with few exceptions, 
yellow, like its microsbopieal crystals, but when the deposit is white, it 
exhibits not only the crystals of triple phosphate, infusoria and fungi, 
but also the brownish-black, round clusters of urate of ammonia, studded 
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on all sides •with sharp needles. (See Fig. 26.) The urine effervesces 
strongly with acids ; the- fluid then scarcely exhibits any - yellow color, 
the pigment being i^stequently for the most pat^ destroyed. 

The cUkaline ferment&tion oeoura, under certain partially un> 

explained relations, ev«a belens die completion of the acid fermentation, 
and sometimes e^n vdthin l^-^bladder. Normal urine passel .more or 
less rapidly into the>alkalbse fermeatatkin^he& the temperature exceeds 
20° 0.; this change is effbcted ve^. readily when the urine has been 
kept in unclean vessels, and almost at once when mixed with urine which 
has become alkaline, even when the quantity added is so arnall as hardly 
to saturate the free acid of the fresh urine. <> We may, therefore, conclude 
that here, as in other kinds of fermentation, there is aspeoial alkaline 
fermenting substance present, which, we believe with Scherer, can only 
be sought in the changed urinary muons, and in the microscopical organ- 
isms contained in it. This mode of explanation is not only in accordance 
with the views which chemists now, hold regarding the processes of 
fermentation, but it is likewise further confirmed by certain results of 
clinical experience. We have found that an alkaline urine which effer- 
vesces with acids is most constantly and distinctly observable in primary 
or seeondary affcetions of the mucous membrane of the bladder. In the 
former • cmo there either exists inveterate vesical catarrh or complete 
suppuratJv of the walls of the bladder in consequence of cancerous 
tumors or other secondary products ; in these cases the secretion of mucus 
is abnorlmal, the mucous juice which is secreted in increased quantity, 
possessing none of the ordinary properties of urinary mucus, and being 
decomposed with extraordinary rapidity. In the latter case the mucous 
membrane of the bladder, at most, suffers only indirectly ; as, for instance, 
in affections of the spinal cord, accompanied with paralysis of the extre- 
mities and of the bladder ; jnd if the vesical mucous membrane retain its 
perfect integrity, the mucus secreted from it cannot be thrown off on 
account of the deficient contractility of the bladder, but adheres to it, 
and begins to be decomposed to such p. degree that it induces alkaline 
fermentation almost at once in the urine as it drops from the ureters, 
so that even in incontinence of urine, where the fluid had been retained 
only a short time in the bladder, it is both alkaline and ammoniacal when 
passed. Catarrh of the mucous m'hmbran^ of the bladder is, however, 
only a secondary affection. 

Scherer aa|ameei‘,from these facts, that the vesical mucous membrane 
may also acquire a condition within the bladder by which it predisgj^s 
the extractive matter to the formation of acid. This must undouM^ly 
be admitted to ei(ist in the calculous diathesis, in which an add uxine is 
secreted with preformed cryst^ls'^ of uric acid ; .but the assumption of a 
mucus which is alread/ modified before it leaves the bladder, does not 
appear to me to afford a satisfactory explanation in those frequent 
cases of febrile urine in which this secretion, when freshly discharged^ 
exhibits a moderately acid reaction, and contains only urate of soda ; for, 
independently of the circumstance that in those, febrile or inflammatory 
affections in which we can scarcely assume the presence of any derange- 
ment of the mucous membrane of the bladder, or the existence of a 
mdcus which has been modified within that organ, it frequently happens 
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that one kind freshly passed urine does not turn acid very quickly, nor 
is uric acid iaunei^tely separated from it, whilst urine which h^u keen 
passed only two hours before may exhibit these j^Vfertiesln a very high 
degree. This p^nomenon m%ht be aser^^ to tim prolonged retention 
of a more concentrated urine, which might irritate the mucous membrane 
of the bladder, if the reverse were .not boeaiuonally observed, that is to 
say, if we did not eometimeb find thbt one specimen of urine turns acid 
very readily and speedily, although another speohnen, passed a couple 
of hours previously, may not exhibit Ihe same properties for a prolonged 
period. We must here seek for the causes of the more rapid acidifica- 
tion of the urine in the constitution of the fluid secreted by the kidneys, 
that is to say, in .^e special condition of individual substances formed 
by the metamorphosis of matter during its modifications in fever, and 
perhaps more especially in the quantitative increase and the qualitative 
alterations of the urinary pigment. 

Scherer has, moreover, endeavored to show that these processes of 
fermentation, in so far as they occur within the bladder, contribute 
largely towards the form(ttion of calculi. 


Fig. 24. Fig. 25. 



Urinary depoait of phosphate of magnesia and ^rinary deposit of triple phosphate (phosphate of 
ammonia with mucus corpuscles from catarrn “ magnesia and ammonia), and urate of ummoniu 
ot the bladder. in alkaline fermentatio^i* In paralysis m lower 

extremities. * 

for instance, it depends solely upon the character the vesical 
and upon the nature of the fermentative process induced by it, 
whether the urinary concretion that is formed consist qf uric acid, earthy 
phosphates, or urate of ammonia. The varying conditions of decompo- 
sition at difierent periods of the disease, |;hat itt(f say, the gradual quali- 
tative and qumititative change of the secretion of the moroiAly affected 
mucous membrane, miw afford an explanation of the formation of urinary 
calculi whose various have a different composition. Scherer thus 

seeks for one of the moc^ important causes of litUasis in a degeneration 
of the secretion of the vesioal mucous membrane — a mode of explanation 
which derives support from the chemical investigations of urinary con- 
cretions as well as from medical experience. The majority of these uri- 
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nary concretions contain a clot of mucus as a nucleus, whence it would 
appear that the mucus generally affords the first formative 'basis for the 
concretions ; then, ihoireover, the inner layers of most calculi contain 
uric acid, whilst the «nter ones contain earthy phosphates or urate of 
ammonia ; a trace of uric acifl^ if nothing more, may always be detected 
in the nucleus of the concrera6n. Breti^ uric Reid concretion aids, by 
irritating the vesical mucomi membrahe^ m iuereasing its own size by the 
deposition of phosphates or of the urates of ammonia and of lime ; whilst 
it is obvious, from the formation of calculi, t^t at the commencement of 
their depodtion mucus must almost always be present, and there must at 
the same time, be a tendency to the' separation of uric Rbid, — ^in short, 
an acid urinary fermentation. The uppermost layers of most urinary 
calculi show that, at the time of their deposition, an alkaline fevnent 
was present, and that its action had already been established in the 
urine. All who have examined the constitution and formation of numer- 
ous urinary concretions, more espemally of the larger ones, must be led 
almost involuntarily to the adoption of Scherer’s view. Even the mul- 
berry calculi, which undoubtedly contain a very large proportion of oxa- 
late of lime, but probably never consist solely of this substance, furnish 
additional corroboration in support of this mode of explanation, for they 
always coj^ain a large quantity of uric acid, and frequently constitute 
the nude* of larger earthy concretions. 


Fig. 26. 



This admirable and ^ simple mode of Explanation, which hai^onizes 
with the established vieWl of the decomposition of orgaMc substances, 
derives considerable support both from the chemical analysis of concre- 
tions as well as from medical experience, however widely it may deviate 
from the ordinary opinions of physicians who adhere to the idea of lactic, 
uric, and phosphaiic diatheses. In the mean time it would be extremely 
difficult to prove that uric acid concretions owed their existence solely 
to a^odification of the vesical mucus ; for, as we have already observed, 
in Sppaking of sedimentary formations, there must be some controlling 



ITS INCIDENTAL CONSTITUENTS. 


125 


cause in the composition of the renal secretion, which in one case may 
facilitate and in another hinder the formation of concretions. There 
remain, probably, many othe? points which reqninp to be investigated 
before we can explain all the phenomena relating to the formation of 
concretions, or hope to arrive at a scienti^ interpretation of the differ- 
ent forms of development of urinary caletjlu ’ 

We will now proceed to the consideration of those urinary constituents 
which are conveyed to tho iody from without^ and which, after remaining 
only a short time within it, paas into the uriney either wholly unchanged 
or in a sliglitlj modified form. This subject, which is of the highest im- 
portance in tne study of the metamorphosis of animal matter, was long 
since investigated by Wohler,* and more recently by the same observer 
in c^unction with Frerichs.” Although it may appear somewhat illo- 
gicaRo notice the substances which, according to the experiments made 
in relation to this subject, do not pass into the tirine, the present seems 
a fitting place to collect those facts which may serve as a positive basis 
for a theory of the formation of the urine, and aid in elucidating the in- 
ternal mechanism of the zoo-chemical metamorphosis of matter. 

It may be assumed as a general proposition, that such substances 
(not belonging to the nutrient matters) as are easily soluble in water, 
and exhibit no tendency to enter into insoluble combinations with the 
organic or inorganic matters of the animal body, alone paAl into the 
urine. On this account, most of the soluble alkaline salts, as nitrate of 
potash, borax, iodide of potassium, bromide of sodium, alkaline sili- 
cates, chlorates, carbonates, &c., are found unchanged in the urine. But 
in order that substances should pass unchanged into the urine, it is neces- 
sary that, in addition to solubility, and the incapacity for entering into 
insoluble combinations, they should possess another character, namely, 
that df being already perfectly oxidized, or <J;hat of having no tendency 
to oxidation and decomposition generally. Thus, for instance, sulphide 
of potassium is a very, readily scduble substance, which is not disposed to 
enter into insoluble compounds even wit^ the matters within the animal 
body; but owing to the readiness* with which it becomes oxidized, this 
substance does not pass into the urine unchanged, but in the form of 
sulphate of potash, unless too large a quantity, have been introduced .into 
the body. Many substances whicR eriler into insoluble combinations with 
animal matters, as, for instance, with the albuminates, only pass into the 
urine when they have been conveyed into the organism in large quanlt- 
ties ; hence Orfila found that the heavy met^s, which are not in general 
sepiM^S^d by the kidneys, — namely, gold, silver, lead, bismuth, antimony, 
and Mraenic, — might be detected in the urine, if adt^inistered in very 
large dodes, but were commonly found to be present only in the liver and 
its secretion, and, consequently, also in the 8aiid*excrements, when they 
had been given in relatively small and frequently repeated doses. 

Many organic substances undergo the same alterations in their passage 
through the animal organism which have been artificially produced % 
chemists ; and this is especially the case with those organic matters which 
have been decomposed into different substances by the application of 

’ Zeitschr. f. PbjrsioL Bd. 1, 8. 809-828. 

^ Ann. d. Cb, u. Pham. Bd. 66, S. 885-349. 
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certain oxidizing agents ; there ore even many soluble substances which 
become so perfectly oxidized in the blood, that neither they nor of 
their products of deeosiposition can be recognized in the urine, hjfany 
others, on the contrail^, which readily part with their oxygMi, lose a por- 
tion of it in their psssa^ tl^ugh the animal bod^, and very ptrobably 
in the primce viaty whi(m caohes them to appear in the urine in lower 
stages of oxidatiom 

We have already seen (in vol. i. p. 64) that after the use of drinks 
containing a lar^e quantity of cariawtc octid, the amount of the oxalate 
of lime in the urine is increased ; but we must here observe, that we have 
found, from positive experiments, that: the free carbonio<«^d of the urine 
is also very considerably increased by their use. After Ihe use of cham- 
pagne, the urine contains 62 (, of its volume of gas, and after t^t of 
Bavarian beer, 68 

It has been observed both by Buohheim and myself, that Seltzer water 
did not produce the same effect as beer in the act of fermentation, or as 
sparkling wine, which may probably be owing to the circumstance no- 
ticed by Couerbe,^ that when the pressure is removed from Seltzer water, 
it only retains one volume of gas, and probably loses a large portion of its 
acidby eructaldon after it has entered the stomach ; whilst, on the contrary, 
champagne gives off only one half volume of its four volumes of con- 
densed cailbonio acid. It must be observed, however/ that this transition 
of the carbonic acid from those highly carbonated drinks, or from alka- 
line bicarbonates, into the mass of the blood and the urine, is only very 
distinctly manifested when the substances in question are taken on an 
empty stomach. Buchheim has proved this to be the case, by repeated 
experiments on himself. A development of gas necessarily takes place 
as soon as food is introduced into thff stomach, as we may readily com- 
prehend from known physical and chemical grounds, and which is painly 
manifested by eructations, and frequently also by flatulence, even ena- 
bling us in some cases to detei^ne by percussion of the abdomen in 
what part the fluid containing the carbonic acid is in contact with the 
intestinal contents. 

The alkaline carbonates obviously reappear, from what has been 
already stated, in the urine, although a portion of them must have been 
saturated by the acid juices of the stomach and intestines. It would be 
interesting to dvitermine how much alkaline carbonate is necessary in 
ofder to induce the secretion of a neutral or faintly alkaline urine in 
man under definite conditions. Buchheim, who for some time insiStated 
experiments of this nature on himself, found that even with refbriiieihto 
food and general, dietetic relations, the quantity of alkali neo(^n^>ibr 
this purpose was extremely variable ; this, however, is easily ed^lained, 
when we consider how many causes there are which, in a greater or less 
degree, influence the acidity of the urine, and which are altogether 
beyond the control of the experimenter. 

The ammonia of the ammoniacal salts passes fiir the n^ost part' mv 
changed into the urine. 

B(moe Jones^ believes that he has convineed himself, by numerous 

> Journ. de Pham. T. 26, p. 621, 

* Philosophical Transactions. 1851» pp« 821. 
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experiments, that after the use of ammoniacal salts (he employed the 
carbonate, tartrate, and hydroohlorate of ammonia), nitric acid might 
always be detected in the mine, and eonsequ^1^’4hat the power of 
oxidation possessed by the organism is so great,' jmat the nitrogen of 
the ammonia is oxidised into nitric acid. that this observation 

must be regarded as so far erroneous, thirt the method employed by 
Jones for the discovery of nitric acid must necessarily yield a reaction 
which is simUar to that of ni^ acid. Jones decomposed about four 
ounces of urine with half an ounce of concentrated sulphuric acid,’ and 
distilled two-thirds of the fluid in a retort ; in the fluid thus yielded by 
distillation, JoJ!^es thought he might determine the amount of nitric or 
nitrous acid by Price’s method (which is a mixture of starch, iodide of 
potasijum, and hydrochloric acid). In some experiments which I made, 
I certainly found 'that the distilled fluid, when treated with iodide of 
potassium and hydrochloric acid, turned starch blue. In the meanwhile 
it would seem chemically incomprehensible how nitric acid, if it really 
were present in the urine, could pass unchanged from it during its distil- 
lation with sulphuric acid ; we need only observe that in this concentra- 
tion of. the fluid, the chloride of sodium, as well as the supposed nitrate 
in the urine, will be decomposed by the sulphuric acid, and that nitvous 
acid must be formed together with free chlorine, but the former is at 
once decomposed into nitrogen and water, on being brought in contact 
with urea ; the undecomposed nitric acid, if any could be present, would 
also be decomposed on boiling. Now it is easy to see that sulphurous 
acid, by which, as is well known, hydriodic acid is decomposed, passes 
into the receiver, and thus probably induces this supposed nitric-acid re- 
action. The following results were obtained from the experiments which 
were made in my laboratory by Jaffd, one of my students, for the pur- 
pose of verifying this proposition ; ordinary urine, when no ammoniacal 
salts had been taken, was found to yield this reaction when treated by 
Benoe Jones’s method ; this reaction, however, did not occur when the 
distillate had stood for some time in the air, in which case the sulphurous 
acid had become converted into sulphuric acid. 4:he’ distillate, even 
after the most careful distillation with sulphuric acid, always yielded, 
with chloride of barium, a precipitate which was insoluble in acids and 
much water, but this precipitate is not formed when the urine has^een 
treated with phosphoric instead of sulphuric acid, and.*then distilled. 
The distillate which was obtained after the application of phosphoric 
acid^'idbes not exhibit this supposed nitric-acid reaction even^ when the 
been previously treated with some drops of nitric acid. Jaffd 
modifieid'rius experiment in various ways, hut the methods 'we have 
alread;;^ given a^re sufficient to show that the presence of nitric acid in 
the urine ewnot be proved by Jones’s method, even when it occurs in 
moderate q^uantities^ and that Price’s ipethod for detecting nitric acid is 
altogether inapplicable when sulphurous acid is present. We must, there- 
fore, for the present, leave- the somewhat improbable view of the con- 
version within the organism, of ammoniacal salts into nitric acid, as 
a subject requiring farther investigation before it can be regarded as 
settled. 
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[Dr, Bence Jones^ has defended his former viewq, in a memoir recently 
read (June 15, 1854) before the Royal Society, “ On the Oxidation of 
Ammonia in the H^man Body.” In this paper he describes a series of 
experiments, from w^iich it results — 

1st. That in Price's test stJphurous acid produces exactly the oppo- 
site effect to nitrous acid, ahid even hinders nitrous acid from liberating 
iodine from hydriodic acid. 

2d. That phosphoric a(dd, when , mjxed with hrine containing nitre, 
and distilled very low, does liberate nitrous apid ; though when used in- 
stead of sulphuric acid, it does not enable the nitrous acu^to be detected 
so readily as when the latter acid is employed. 

“ Hence (he observes) the experiments performed in Professor Leh- 
mann’s' laboratory by Herr Jaffd,® do not invalidate Price’s test for 
nitrous. acid in the way Professor Lehmann supposes'; and by again re- 
peating some of my former experiments, I still arrive at the conclusion 
that when ammonia is taken into the body, nitric acid may be detected 
in the urine, but that the quantity which can be made to appear is so 
small that the most delicate method is required for its detection. This, 
however, is no proof that a much larger quantity may not be lost in the 
process for obtaining it from the urine.” — a. E. D.] ■ 

Iodine combines very rapidly with alkalies in the amnlal body, and 
then appears as iodide of potassium in the urine. 

Soluble baryta salts, although they are so easily decomposed by sul- 
phates,* phosphates, and carbonates, yet, if given in sufficient doses, re- 
appear, according to Wohler, in the urine. 

Ferridcyanide of potassium reappears in the urine as ferrocyanide of 
potassium. 

Sulphoeyanide of potassium, even when administered in small doses, 
may very soon be detecte^in the urine. ' 

It appears from the investigations of Wohler, that most of the organic 
acids pass unchanged into the urine, when they are introduced into the 
system in a free state ; he experimented with oxalic, citric, malic, tar- 
taric, succinic, gallic, and salicylous acids. 

Tannic acid is converted, in its passage through the animal organism, 
into gallic acid. 

The observation made by Wohler, that benzoic acid is separated from 
the animal body by the urine in the- form of hippuric acid, has been 
confirmed by Ure,* Keller,^ and many other observers. 

The organ from whence the benzoic acid .in this case obtains t^e ele- 
ments of fumaramide (see vol. i. p. 182) cannot at present beoj^S^ed 
with certainty ; JJre believes that after the use of benzoic acid, the hip-., 
puric acid is increased in the urine at the expense of the uric, acid, and 
that it consequently assimilates a nitrogenous group of atoms, which in 
its absence would have been applied to the formation of uric acid : hence 
he recommends physicians to employ benzoic acid against the uric acid 
diathesis. Unfortunately, however, Wohler and. Keller could not detect 
any diminution of the uric acid after the use of benzoin acid ; and Booth 

' ProoM^ngs of the Bojral Society, toL 7, p. 94. 

Joura. f. pr. Chem. Bo. 60, S. 238. 

^ Fharm. Trans, vol. 1, No. 1. * Ann. de Ch. u. Pharm. Bd. 43, S. 103. 



ITS INCIDENTAL CONSTITUENTS. 


129 


and Boje’ arrived at the same conclusion. Oarrod, on the other hand, 
believes that he hT^l .eonstantl^ found a diminution in the quantity of 
urea in the urine after the administration of benao^ acid ; but neither 
Simon’s investigations nor my own confirm this In four observi^ 

tions in which I examined tne twenty-fonrjj^uTs’ urine after the admi- 
nistration of large doses (two drachms) of l^zoic acid, I failed in anj^ 
case to detect a marked diminutiem of any^ of the nitrogenous omasti- 
tuents ; experiments of this nature are, howeter^ so dilBcult to execute, 
and the daily sum of the individual niteogenons constituents is so fluc- 
tuating, that nw, conclusions should be drawn from such investigations ; 
thus, for instarwe, it would be extremely rash to conclude, from the ap- 
parently negative result of the examination of the urine, that the benzoic 
acid abstracted nitrogenous matter from the substances designed for 
cell-formation. 

If the close affinity that exists between benzoic and hippuric acids in 
some degree elucidates the production of the latter from the former in 
the metamorphosis of the animal tissues, the result obtq)ned by Erd- 
mann and Marchand’* is the more striking, namely, that cinnamic acid, 
CigHyOj.HO, in its passage through the animal organism assimilates 
nitrogenous matter, and escapes in the urine as hippuric acid. 

There are various ways in which we may suppose that the conversion 
of cinnamic into hippuric acid may take place: it may either lose four 
atoms of carbon and two atoms of hydrogen, in order to be first con- 
verted into benzoic acid (for OjgHyOj — [4G-)-4U H]— C„H» 03 ), ‘or by 
the assimilation of ammonia and the separation of water there is 
formed cinnamide (CjsIIyOa-fHaN — HO— OigH^NOj), which has only 
to take up four atoms of oxygen in order to form water and hippuric 
acid (CisH9N03+40==8H0-|-0,«IIhNO3.H0). 

It is worthy of notice that cuminic acid, which is so closely allied to 
benzoic acid, docs not resemble benzoic and cinnamic acids, in combining 
with nitrogenous matter within the animal organism, , but passes un- 
changed into the urine; hence in its behavior it reserftblcs salicylous 
acid (hydride of salicyl) which is even more nearly ‘applied to benzoic 
acid. 

W bhler and Frerichs have convinced themselves by experiments on 
several rabbits and dogs, that uric acid, whether introduced into thsssto- 
mach or injected into the veins, is decomposed in the animal body in 
precisely the same manner as by peroxide of lead ; the urine is at all 
events $MU^d to be far richer in urea and oxalate of lime iiifter the ad- 
minif^fibtt of the acid. 

We are^indebted to Wbhlcr for one of the most important discoveries 
in physioldgicsl chembtr^, namely, that the neutr^ salts formed by the 
combination of the alkalies with vegetable acids, a^ oxidized in the ani- 
mal organism in precisely the same maimer as if they were burned in 
oxygen gas : alkaline carbonates pass into the urine and Ten^r it alka- 
line ; it consequently beopmes turbid ftom the separation of eartl^ 
phosphates, and lAturally ^ervesces with acids. That the conversion 
of the alkaline salts of tne organic acids into carbiniAtes takes plaoe in 
the blood, might have been d priori concluded ; but I have convinced 


‘ Medioal Times, November, 1^6. 

VOL. 11. 


* Joum. f. pr.^. Bd. 86, S. 807-809. 
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myself, by the injection of an alkaline lactate into the jugular vein of 
dogs, that the change takes place with ilxtraordinary rapidity, and that 
an alkaline carboiiifte very soon appears in the urine (see vol. i. p. 97). 
The same experiment has been made by others. It is, however, a sin- 
gular circumstance, and one. that requires further investigation, that in 
different persons, even under, apparently, precisely similar conditions, 
the period that elapses before the urine becomes alkaline, after the ad- 
ministration of these rSaitSy is very various, and that in different cases 
very different quantities of these salts are necesi^ry to render the urine 
alkaline. From the experiments of a young chemist, |vhose urine con- 
stantly became alkaline even after the use of a few baked plums, I was 
led to observe that in many persons who are living on a mixed diet, the 
urine becomes alkaline in two or three hours after swallowing half a 
scruple of acetate of soda, whilst in others who are living on a purely 
vegetable diet, two drachms of acetate of soda never succeeded in ren- 
dering the urine alkaline. From numerous experiments on healthy per- 
sons, and observations on patients who had taken alkaline acetates and 
tartrates, I could only deduce the following certain conclusions ; when 
the salts in question exert a purgative action, the urine does not readily 
become alkaline ; in fact, it seldom becomes alkaline at all. under these 
circumstances ; as might be expected, the urine of persons living upon 
animal food docs not so readily become alkaline as that of persons 
living on vegetables and those on an antiphlogistic diet : if, however, the 
febrile affection be accc^bpanied by a very acid urine, then it naturally 
follows that the urine is longer in becoming alkaline ; hence two febrile 
patients might be taking the same doses of these salts, and the urine in 
one case might be alkaline, and in the other it might remain distinctly 
acid. In one and the same persorf living on the same kind of food, the 
urine may become alka^.ne after a dose of these salts, if he remain 
quiet ; but may retain its acid reaction after an equal dose, if he take 
strong bodily exercise. Hence we should be far from the truth if we be- 
lieved that these, points were thus cleared up ; for a very small amount 
of observation at the bedside would suffice to convince us that we are far 
from being able to comprehend why, in special cases, the urine remains 
acid, or why it becomes alkaline. We must generally assume it as an 
undoubted fact, that the metamorphosis proceeding in the blood during 
the continuarfee of the morbid process tends, in a greater or less de- 
gree, to the formation of. acid; and hence that in one of the cases, a 
smaller quantity of the vegetable salt is necessary to saturate, free 
acid of the urine than in the other case. The alkalinity of vrine 
daring the use^ of vegetable diet appears, however, to be ]^y no means 
solely dependent on t£e alkali contained in the organic salts of the food ; 
for I have seen my own urine, which usually has a strong acid reaction, 
remain alkaline for eighteen hours after the use of food altogether de- 
void of nitrog^ and alkalies, as, for instance, mUk-sugar, starch, and 
fat. Magendie^ injected a solution of stsjn^ into the jugular vein of a 
rabbit that fasted for three days, and whom urine lias acid, dear, and 
rich in urea ; the urine almost instantaneously tmderwent a complete 
change, becoming alkaline, turbid, and poor in urea. Bernard’ injected 
* i dompt read. P. 191. > Ibid. pp. 686-687. 
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a solution of grape-sugar into the veins of a dog and of a rabbit ; the urine 
of both animals w4b thus rendered alkaline and turbid from the separa- 
tion of earthy salts, Vrhile, under similar conditions, a solution of cane- 
sugar exerted no such action on the urine, but vras carried off unchanged 
by that secretion. From these facts, wo mfy undoubtedly conclude that 
the alkalinity of the urine of graminivCrous animals does not solely de- 
pend upon the vegetable alkaline salts contained in the food. Bernard, 
moreover, found mat the urine of dogS, which in the normal state is acid, 
becomes alkaline as seon as these animals arh kept strictly upon vegetable 
food ; and conversely, that the urine of rabbits, which unaer normal condi- 
tions is alkaline, becomes acid as soon as animal food has been introduced 
into the stomachs of these creatures, or a decoction of flesh is injected 
into their veins. From the experiments which Bernard instituted on 
herbivora, whose urine after the abstraction of all food, was clear, of an 
amber-yellow color, and strongly acid, it follows that the pure metamor- 
phosis of tissue in the animal body, like a purely flesh diet, induces the 
secretion of a limpid, acid urine. Finally, Bernard believes that he 
has discovered that the pneuraogastric nerves exert an influence on the 
reaction of the urine ; thus, for instance, he saw that the alkaline urine 
of animals fed upon vegetables became acid after the section of both 
these nerves — a result whose accuracy I feel justified in doubting, having 
myself performed a similar experiment on a rabbit ; rabbits are, how- 
ever, by no means well adapted for such exper^ents ; as far as .my ex- 
perience goes, these animals often secreting an acid urine without any 
apparent reason for so doing. 

Quinine may be easily rediscovered in the urine after the use of 
moderate doses. 

Urea, according to the experiments of Wbhler and Frerichs, passes 
unchanged into the urine. 

Theine and theobromine cannot be rediscovered in the urine: since 
both these substances occasion intense excitement of the vascular and 
nervous systems, I am unable to decide whether the augmentation of the 
urea discharged in twenty-four hours, which I obser\’ed to occur, was de- 
pendent on the decomposition of these nitrogenous matters or upon the 
stimulus communicated to the entire organism. 

^ Aniline, as it would appear from the experiments of \^dhler an<^Fre- 
richs, does not reappear in the urine. 

No direct experiments have been made with other organic bases *in' 
referiespo to their transition into the urine. 

appears, from the experiments of Wbhler and Frerichs, to 
be ^^ottVejMifed in the ‘ animal body into urea and other substances ; 
they found neither the substance itself, nor alloxan, in the urine of per- 
sons who had taken five or six grains of it. 

Tkwainnamine does not pass unchanged into the urine ; in its place 
we find_ sulphocyanide of ammonium ; hence it undergoes the same de- 
coM^sition in the body atr. we can artificially produce by soda-lime. (W. 

Allantoine does not pass into the urine, nor does it induce any aug- 
mentation of the oxalate of lime, as might have been expected ; since it 
is decomposed artificially by alkalies into oxalate of ammonia (see vol. 

1. p. 161). ^ 



132 


TTRINB. 


Amygdalin cannot be rediscovered with certainty in the ur^e. (W. 
and Fr.) 

Ranke' found that after the use of amygdalin considerable quantities 
of formic acid passed into the urine, an observation which I thoroughly 
confirmed in my experitnents on the injection of amygdalin, into .the 
veins. The action- of fiiinygdalin, when injected into the blood, is there- 
fore never injurious, sinoc^'iio prussic arid is formed. 

Salicin generally undergoes a change corresponding to oxidation in 
‘the organism ; and it is only when taken in very large quantity that a 
portion of it passes undecomposed into the urine. The experiments in- 
stituted by myself as well as by Ranke* on the metamorphosis of salicin, 
give the following results : after the introduction of salicin into the body 
by the mouth, we find in the urine not only salicylous and salicylic acids, 
but also saligenin, while no sugar and no phcnylic acid can be detected. 
The salicin must be for the most part decomposed in the blood, for ■When- 
ever I have injected a solution of this substance into the jugular vein 
in rabbits, substances were found in the alcohol extract of the urine 
which yielded, with the persalts of iron, the blue color corresponding to 
saligenin and salicylous and salicylic acids. 

Salicin undergoes the same decomposition in the aniihal organism 
that is induced % oxidizing agents. Salicylous acid’ is found in the 
ethereal extract ; it might be supposed that the salicin is decomposed in 
the animal body, in the same manner as by emulsin, into sugar and sali- 
genin, and that it is only on the evaporation of the urine that the latter 
is converted by the free acid which is present into salicylous acid ; since, 
however, no substance in, the animal body acts upon amygdalin in the 
same manner as emulsin, it is by no means probable that salicin under- 
goes the last-named mode of decom^ositiop. 

. I could not detect the presence of anparagin in the urine. 

Phlorrhizin has not been rediscovered in the urine. 

Volatile pil of hitter almonde (free from prussic acid) seems first to 
be converted into benzoic acid (without giving rise to any symptoms of 
poisoning), and then appears as hippuric acid in the urine. (W. and Fr.) 

Quinone is decomposed in the animal organism. (W. and Fr.) 

Benzoic ether causes an augmentation of the hippuric acid in the urine. 
(W.-Vmd Fr.) 

According to Wohler most pigments and many odorous matters pass 
unchanged, or only slightly modified, into the urine ; as, for instaiice, 
the coloring matters of indigo, madder, gamboge, rhubairb^ Itwpiroeiit, red 
beet, and whortleberries, and the odorous constituents of %a3enab.^^wlic, 
asafoetida, castoreum, saffron, and turpentine. Wohler -eouid’hot i^is- 
cover the follo'vring substances in the urine : Camphor, resihsj empyreu- 
miatic oil, musk, alcohol, ether, cochipaal, litmus, sap-green, or alcanna. 

Another point worthy of notice is the rapidity with which mariy mh- 
stancez pa»» through the animal organism. We ma^ generally assume 
that the. rapidity with which a substapee reappears in the urine is di- 
rectly proportional to its solubility, and inVerseljr proportional to the 
amount of change which it undergoes in the animab organism. This 

% * Ibid. Bd. 56, S. 17. * Journ. f. pr. Chem. Bd. 56, p. 1-11. 

Handwortbrb. dar PhysioL Bd, 2,. S, 15, 
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rule, however, has many exceptions, amongst which we may especially 
mention iodide of potassium — substance which is so easy of detection, 
even in extremely minute quantities ; according some observers it may 
be detected in the urine in from four to ten minutes after it has entered 
the mouth. I have only been able to observe this in a man in whom the 
posterior wall of the bladder, with the opMoIng of the ureters, lay ex- 
posed ; in other persons it often«<^d not appeitr in the urine till after a 
period varying from three-quarters of an hour to five hours, while, on the 
other hand, it was very soon to be detected in the saliva (see vol. i. p. 424). 
After the ingestion of from two to three drachms of bicarbonate of pot- 
ash, I have foundj. in experiments on several persons, that the urine be- 
came neutral in firom thirty to forty-five minutes, and alkaline in the 
course of an hour. Lactate of soda taken to the extent of half an ounce, 
rendered normal urine alkaline in half an hour ; on injecting similar 
quantities of the same salt into the jugular veins of dogs, their urine be- 
came strongly alkaline after five, or at the longest after twelve, minutes. 

There is great diuresis in dogs after this operation if wo provide them 
with plenty to drink ; the loss of blood, even when small, seems to excite 
their thirst, while, on the other hand, the alkaline carbonate that is 
formed probably actually hastens the secretion of u^ne. Hence it is 
in general very easy to observe the time at which such urine becomes 
alkaline. 

Erichson^ observed the period of the transmission of soluble and color- 
ing substances into the urine in a man with extroversion of the HladderJ 
probably the same person who had been travelling about Germany ; after 
administering forty grains of ferrocyanide of potassium, he saw it re- 
appear within two minutes in the urine : the ferrocyanide of potassium 
and other substances which were tried, appeared less rapidly in the 
urine when the experiments were made shortlj^ after meals. 

I have recently observed in the same individual that the urine was 
expelled in nearly alternating jets from the two ureters four minutes 
after he had taken half an ounce of acetate of potash, while the urine 
became alkaline in the course of seven minutes. In the meanwhile it 
ought to be observed that the constitution of the individual probably 
exerts some influence on the rapidity with which such substances are 
transmitted into the urine, and tfiat in this patient the rapiditjMoay 
have been unusually great. I certainly have never found, in any of the 
numerous experiments conducted in my laboratory, that such substances 
as jotdme, ferrocyanide of potassium, and alkaline carbonates, passed so 
rajd<^,itrto .the urine as in either of the older or more recent observa- 
tion^ made on this person. 

The period during which a foreign body remains in the animal organ- 
ism is extremely various ; here also it depends updn the solubility of the 
substance in question, and especially upon its chemical nature, whether 
a longer or a shorter time be required for its elimination. Substances of 
easy solubility are, as a general rule, rapidly removed from ^e body 
by the urine ; thus I have seen the alkaline reaction of the urine disap- 
pear in as short a space as ten hours after a dose of two drachms of ace- 
tate of potash, while once after a dose of three drachms of bicarbonate 

' Lend. Med. Qaz. Jane, 1846. 



134 


URINE. 


of soda, it remained alkaline for three days. The idiosyncrasy of each 
individual patient appears, however, to exert an influence on these rela- 
tions. This is best observed in experimenting with iodide of potassium ; 
in some persons no trace of this substance can be detected in the urine 
twenty-four hours after a dose of ten grains has been taken, while in 
others its presence may oftmi be recognized after three days, both in the 
urine and also in the salivaJ Bubstonees which enter into insoluble 
chemical compounds with animal matters, are eliminated from the body 
only very slowly, and usually less through the urine than through the 
intestinal canal; metals, as is well known, are found after a very 
long time in the liver and in other parts. 

We now proceed to the consid^tion of thjpse substances which usu- 
ally only occur in morbid urine^ 

Although an extremely large number of observations have been made 
regarding the occurrence of albumen in the urine, it has only been found 
to be constantly present in certain aSections of the kidneys. Since we 
have possessed a more accurate knowledge of those forms of renal dis- 
order which wo know as Bright’s disease, it has been established as a result 
of experience that albumen is always present in the urine inthis affection, 
although its quantity may be so small that it may appear to b^ltogether 
absent. In the chronic form of Bright’s disease the amount ofalbumen 
in the urine is often considerably diminished, if any acute or inflamma- 
tory disease be simultaneously present. The quantity of albumen in 
Bright's disease is, however, sometimes so considerable that, on heating, 
the whole fluid solidifies into a yellowish-white coagulum. We cannot 
mention any other disease in which albuminuria is a constant symptom. 
Albumen is, however, very frequently present in the urine in all those 
diseases with which uraemia is associated, and particularly in scarlatina 
and other acute exknthen^ta, and most e8|)eeially in cholera. Bright’s 
granular degeneration of the kidneys is, however, very often present 
with uraemia, so that these diseases appear to owe their albuminous 
urine solely to the access of Bright’s disease ; there are, however, nu- 
merous cases, as foi; instance of scarlatina and erysipelas, in which albu- 
men is only transitorily present in the urine for one or two days, and 
is accompanied by the epithelial cylinders, which have been already 
desocibed. In these cases there is merely simple renal catarrh^ in which 
as in catarrhal* affections of all other mucous membranes, there is de- 
squamation of epithelium and a secretion of mucus. 

In dropsieSf at least in their more advanced stages, albumen iakidiken 
found in the urine without the simultaneous existence of degeneration of 
the kidneys ; in these cases there are two ways in which' we oan explain 
the manner in wnioh this substance escapes from the renal capillaries ; 
either the blood has 'already become hydrsemio that it not merely 
transudes through the capillaries Of |big|^ritoneum, of the subcutaneous 
cellular tissue, and of other organs, btft also of the kidneys themselves, 
and that consequently some albumen is thus added to the substances 
which are ordinarily separated by the kidneys ; or we may assume that 
those organic diseases of the thoracic or abdominal organs, which occa- 
sion a stasis of the circulation in tho capillaries and veins of the abdo- 
men, and thus give rise to copious transudations, also set up a similar 
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condition in the capillaries and veins of the kidneys, by which an eflFu- 
sion of albumen into the urinary canals is induced. Meyer^ has made 
some beautiful experiments on rabbits which support .this latter view. On 
compressing with a ligature sometimes the renal vein on one side and 
sometimes the inferior vena cava, by which, the increased hydrostatic 
pressure of the blood must dilate the ren^ ceEpillaries, he always found 
albumen in the uri^e collected eftpr the operation ; and on tying the renal 
vein on one side he only found albumen ,in the urine that escaped from 
the exposed ureter of the side on whi(^, he operated, and here it was 
very abundant. - 

Organic diseaset of the thoracic and abdominal organs sometimes 
occasion an escape of albumen through the kidneys, without, however, 
the simultaneous occurrence of any dropsical transudation ; here the 
albuminuria probably only arises foom the above-mentioned causes. 

If, in consequence of any affection of the urinary passages, bloody or 
true pm, slmuld find its way into the urine, it is obvious that that fluid 
must then become albuminous. 

When albuminuria occurs in association with hectic fevers, diabetes, 
diseases of the spinal cord, ^c., this symptom is dependent either on the 
watery chttracter of the blood, or, as is sometimes the case in diabetes, 
on an actual lesion of the kidneys. 

The cases are by no means rare in which persons with only slight 
fevers, and unaffected by any other serious disorder, for a short time 
secrete a urine that is more or less albuminous (Becquerel,* C. Sohmidt,^ 
and others). Since we sometimes meet with cases in which the urine is 
albuminous when there is perfect health, and no cause can be assigned 
for its presence (Simon,^ Ganstatt,^ Becquerel,® and others), we are en- 
titled to believe that some persons aye specially predisposed to this affec- 
tion, that is to say that the facility with which thb albumen escapes is 
dependent upon a peculiarity of their organiziStion. We must here also 
notice the transitory occurrence of albumen in the urine during preg- 
nancy (Rayer,^ Becquerel).® As the oedema of the lower extremities is 
closely allied to a varicose condition of the veins, so the overloading of 
the bloodvessels in the abdominal organs during pregnancy is probably 
a more efficient cause than any other of the transudation of the albumen 
into the kidneys. 

We have already spoken of the ocpurrence of fibrin a« an abnormal 
morphological constituent of the urine ; and we remarked that it was 
alwajuiound jn cases of hemorrhage into the urinary passages. Urine 
is, htd^ver, .qoeasionally observed in which only the intercellular fluid of 
the llfppd appears to have transuded ; in some of these cases the fibrin 
becomes separated, after the emission of the urine, eithdt^as a gelatinous 
mass, or in granular clots or tJireads (Prout,® Nas8e,“ Pickford,'* Hein- 
rich).** . 

‘ Arch. f. phys. Heilk. Bd- 8, S, 116-im 

* S^meiotlqiid des urines, &c. P. 134 * Charakteristik der Cholera. S. 117, 

^ Lehrb. d. med. Chem. Bd. 2, S. 382 [or EngliBh translation, Vol. 2, p. 184J. 

® Pathologic, 2 Attfl. Bd. 2, S. 182, « Op. cit., p. 824, 

’ Maladies des Reins. T. 2, p. 679. » Op. cit., p. 394. 

® On the Nature and Treatment of Stomach and Renal Diseases, 1848, p. 46. 

Unters. z. Physiol, u. Pathol. Bonn. 1835. 8. 215. 

** Arch. f. phys. Heilk. Bd. 0, S. 85. Rhein. Monatsschr. f. Aertze. Bd, 1, S. 24. 
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Casein has been particularly found in the so-called milky or chylous 
urine; I have frequently had occasion to remark in. the preceding pages, 
how difficult it is to distinguish casein from basic albuipinakte of soda and 
other protein-bodiesi I have never, been able to defect true casein in 
urine ; but in all the analyses, of chylous urine, instituted by Ohevallier,* 
Blondeau,* Bayer^* Bouchardat,^ Golding Bird^* and others, the evidence 
of the presence bf caisetu hs by no means estaMished with scientific, accu- 
racy ; for if it werfe, we must believe in a perfect metastasis of milk to 
the kidneys. It is, howeVer, an unquestionable fact, ibat there do some- 
times occur in the urine certain protein-bodies whose properties do not 
coincide with those of any known prbtein-eempound, and whose modifi- 
cations cannot be solely dependent on their admixture with the urinary 
secretion. Thus, for instance, Bkice Jones* found a peculiar albuminous 
substance, together with the well-known tubular casts, in, the urine of a 
man suffering from osteomalacia and from a renal disease.; this substance 
was characterized by its solubility in boiling water ;,'^rhen precipitated 
by nitric acid it rcdissolved on the application of heat, but again sepa- 
rated on cooling; with acetic acid and ferrocyanid© of potassium it 
behaved precisely as a protein-body, as also with concentcated hydro- 
chloric acid, forming with it a brilliant purple solution ; *pttorcover, its 
elementary analysis showed that its composition was altogether analogous 
to that of the protein-bodies; it contained I'lg of sulphur, which could 
be very easily recognized on treating it with potash, &c. The urine con- 
tained«6’7g of this substance, which cannot possibly be regarded as either 
albumen or casein, at all events until we are able by the addition of cer- 
tain substances either to convert albumen or casein into this substance, 
or it into them ; it presents too many points of difference to a.llow of our 
regarding it as a "modification of any of the known- protein-compounds. 

JPat is comparatively rarely found in the urine, if we exclude the ad- 
mixture of fatty matter 1;hat often arises from the external generative 
organs of women. In the older medical literature we often read of fatty 
urine, in which the fat collected as an iridescent film upon the surface ; 
but in the great m^ority of cases these membranes must have consisted 
of the crusts of earthy phosphates and confervoid filaments, which have 
been already described, and not of fat ; for these crusts are often singu- 
larlj; like a coating of fat, which latter I have never observed on the 
urine. In ][qore recent times Nauche^ has regarded this membrane as a 
characteri^io sign of pregnancy, and has instituted a number ojT e^eperi- 
ments, which, however, only lead to a negative result. The is 

nothing else than the formation of crystals of triple phoi^plmtf , ai:m'*fan- 
goid and confervoid growths, which takes place when the.nfine bc^mes 
alkaline, as hafl'been described in p. 121 ; but whether or not this mem- 
brane and the flocculent precipitate which is subsequently formed from 
it be actually a characteristic sympt<^ of pregnancy, it cannot be denied 
that ‘’such a membrane, or, more ooj^^ictly, the rapid alkalinity of the 

' Jonrn. de Chim. mdd. T. 4 , p. 179. ‘ Ibid, Yol. 4. p. 41. 

3 L’ExptSrieace. 1838. No. 12. * Journ. de Connaise. mdd. Aobt, 1843. 

* Lond. Med. Gas. Oot. 1848. 

^ Ann. d. Cb. n. Pham. Bd.*67, 3. 97-105 fand Philosopbioal Transactions for 1848, 
p. 651, 

^ Jonrn. de CUim. iu6d. 2 S4r. T. 5, p. 64. 
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urine, is more frequent in pregnant women than in other cases ; the 
urine of pregnant women is, as a general rule, very watery, and hence 
more readily undergoes alkaline fermentation ; it further contains more 
mucous, protein-Hke substances than other urine, and this is a second 
reason why it more readily becomes alkalme presents a tendency to 
the formation of this Inembrane. Hence Jfauche’s view is not altogether 
devoid of foundaticta; but every one must have observed that the urine 
of pregnant women, especially when they have been living chiefly on 
animal food, very often does not possess this property, and, on the other 
hand, that the limpid urine of hysterical and chlorotic women, as well as 
faintly acid and albuminous' urine, may present precisely the same pheno- 
mena that have been regarded as peculiar to pregnancy. 

Fat, however, sometimes occurs in perfectly normal urine. I found 
that it was constantly present, although in small amount, in the urine of 
tortoises ( T. grceoa) ; Frerichs* commonly found it in the urine of cats, 
and the subsequent carefully conducted investigations of Lang® confirmed 
this observation. The latter observer also detected a small amount of 
fat in human urine, especially after the use of fatty food; and the 
various experiments which were made by him on cats, as well as on men, 
leave no doUbt that the occurrence of fat in the urine is frequently to be 
referred to the food. Whether, however, this is the sole cause of the 
occasional appearance of fat in the urine of healthy animals, appears 
from the observations which I have made on the urine of tortoises and 
on the kidneys of the deer, to be a matter of considerable doubt. The 
amount of fat appearing in normal urine is, however, very small, even 
after a very abundant use of fat, as is shown by the very careful quan- 
titative determinations made by Lang. This observer generally found 
no more than. about 0*11 g of fat in fhe solid residue of the urine of cats 
which had been fed on fatty flesh ; in human urine he found, in one in- 
stance, 0’28 in the solid residue. 

I have never observed true milky or chylous urine in which the tur- 
bidity and coloration were owing to fat. Urine of this kind owes its 
peculiarity to an excess of suspended pus-corpusclefi, which, in all the 
cases hitherto observed, originated in the kidneys, and were not owing 
to vesical catarrh. Whenever thiis Jcind of milky urine is actually found 
to bo rich in fat, it may be owing to the presence of mil|c added, m in 
Rayer’tf case,® for the sake of deceiving the physician. Bence Jones* 
him recently examined with care, a case pf this kind of chylous urine, 
and Allowing are the results at *which he has arrived: the urine 
contained from 0*7 to 0’8g of fat, associated with which there were, how- 
evei^, also albumen, fibrin, and normal blood-corpusclas ; the greatest 
amount of fat was found in the urine after digestiqp, although the blood 
was not found to be richer in fatii 

Neither motion nor rest exerts influence on the amount of fat in 
the urine, although it may affect the above-named abnormal constituents 
of that secretion. No change could be perceived in the. kidneys (on 

‘ Die Bright’sehe Nierenkrankheit. u. deren Beh^ndl. BratinsoliW* 1851^ 8, 154. 

• De adipe in urina et renibus disa. inaug. Dorp. Lit. 1852, pp. B-46. 

, * Trait6 des maladies des Reins. T. 1, p. 169, 

^ PliiloBopbioal Transactions. 1850, pp. 651-660. 
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dissection) bj the naked eye, and they were not examined by the micro- 
scope. 

It is in chylous and milky urine that the Iwr^est quantity of fat is 
found, where it ocours suspended in globules as in the chyle and milk. 
Unfortunately, very little is known regarding the forms of <disea8e with 
which such urine is associated. 

The occurrence of fat in albuminous uiHine is a symptom of more im- 
portance ; it has been already mentioned (in vol. i. 228) that fat may 
be expected to be present in fatty degeneration of the kidneys ; my own 
experiments on the urine in Bright’s dbease have not. as yet confirmed 
this expectation ; free fat-globules are, however, sometimes found in the 
urine, but it is never easy to decide whether they actually pertain to the 
urine, or, whether they are mere foreign admixtures ; and the difficulty 
is increased by the very small quantity in which they always occur. In 
the latter stages of Bright’s disease we sometimes, however, find indi- 
vidual tubes which appear to be filled with small globules or granules of 
fat, and present a striking resemblance to the tubuK contorti of fatty 
kidneys. In such a case it would be quite possible to diagnose fatty 
degeneration of the kidneys from an examination of the urine. 

By instituting a very careful examination, we may also sometimes 
find fat-globules in the urine in diseases which are accompanied with 
rapid emaciation ; as, for instance, in certain diseases of the liver, and 
in thosip conditions with which hectic fever is associated. 

Wo need hardly observe that occurs in diabetic urine ; it is, 

however, the quantity of (sugar that is present which . constitutes the 
characteristic sign of diabetes mellitus. It has been generally believed 
that sugar is also often found in urine which is not diabetic (Lersch,)’ 
but no very great weight should be tittached to sudh an opinion, for the 
methods which have b^B-jemployed for the discovery of sugar are open 
to many fallacies ; even'Trommer’s test, when applied with every possible 
precaution, may give no decided reaction, even when sugar is unquestion- 
ably present in urine ; while conversely it may, in inexperienced hands, 
easily lead to the belief that sugar is present when in reality it is absent. 
It has been already mentioned (in vol. i. p. 257), that Prout and Budge 
have found sugar in the urine of gouty and dyspeptic persons, and that 
I detected it in the urine of a woman shortly after delivery; and I have 
the greater ^ason for believing that the results of these observers are 
correct, froih the ckoumstance, that I have very recently foimd sugar 
(by applying the method described in vol. i. p. 252) in the vWmsti of a 
man with very acute gout. ^ . V 

We have already spoken, in the ^rst volume, of the amonnt sugar 
in the urine, under different physiological and pathological conditions. 
I must, however, here additionally remark that, contrary to my earlier 
experiments and the more recent ol^ervations of Uble, sugar occasion- 
ally passes into the urine after the ufle of highly saccharine food. C. 
Schmidt? had, indeed, made an experiment of this nature on a cat, and 
Bernard had been led from his observations to maintain a similar view, 
but the experiments made under my. direction by Dr. Von Becker were 
the first to Convince mo that under at least apparently similar relations, 

' Baier. medfb. Correspondeubl. 1846. S. 584. * Cfaarakter. d. Cholera. S. 167. 
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sugar is quite as often absent as present in the urine of rabbits after the 
use of highly saccharine food (carrots), or after the injection of solutions 
of sugar into the stomach of those animals. Certain relations which 
exert a general inflnenoe on the secretion of urine, appear, moreover, to 
exercise a special action on the urinary secretion. Thus Br. Von 
Becker observed in several experiments that rabbits, into whose stomachs 
a concentrated solution of sugar had been injected, did not exhibit 
sugar in the urine unless the urinary secretion was very abundant ; these 
animals continued perfectly well even when as much as 60 grammes had 
been injected in the course of three hours. Other rabbits, however, 
which exhibited morbid symptoms, or which speedily died in consequence 
of excessive filling of the stomach and intestines (as far as the trans- 
verse colon) with saturated saccharine solutions, voided very little urine 
containing no sugar whatever. It would appear, therefore, that sugar 
does not readily pass into the urine when the quantity of the secretion 
is diminished. It is worthy of remark that only from 0*386 to 0*348§ 
of sugar was found in the blood of those rabbits which retained their 
healthy appearance and liveliness, whilst as much as from 1*03 to l*20g 
of sugar wae found accumulated in the blood of those animals which 
apparently suffered after the injection of sugar, and which secreted only 
small quantities of urine that was either vei-y poor in sugar, or entirely 
free from that substance. It would appear, therefore, that when the 
quantity of sugar in the otherwise normal blood exceeds Ig, th^ other 
limit is reached at which no sugar passes into the urine, and at the same 
time the urinary secretion is then reduced to the minimum. 

Numerous cases have been recorded in which abnormal pigments have 
been found in the urine ; the color of the brick-dust sediments in febrile 
urine is unquestionably not dl,ependdnt on the normal urine-pigment, 
although it may possibly arise from its oxidation;, at all events, we very 
often see the ordinary urinary sediment (urate of soda) on the filter, of 
a deep brick-dust or scarlet color ; it has not been further examined ; 
and at different times it has received the various names of rotaeie acidj 
uroerythrin^ and purpurie acid. Blue, green, violet, and black pig- 
ments are, upon the whole, of rare occurrence in the urine. Wo have 
already spoken (in vol. i. p. 284) of, the pigments which Heller has ex- 
hibited from the urine ; unfortunately, however, his experiments wer^so 
incomplete, that the very existence of such pigments as uroxanthin and 
urrhodin is still doubtftd ; the one whose existence is most clearly esta- 
blished^, alkd whieh admits of the most accurate examination, is the 
crystallizable uroglaucin., which has also been artificially obtained by 
Alois Mfurtiat'wQd by Scherer, by the action of nitric aoid. This uro- 
glaucin may possibly be contained in the blue, violej;, and black urine of 
the earlier observers, and is probably identical with the pigment named 
cyanitrin. Heller’s assertion tha(t the urine in Bright’s disease and in 
cholera very often assumes a blue dolor on the addition of very concen- 
trated nitric acid, may be very easily put to the test ; as far as my own 
experience goes, it is only when ursemio symptoms have manifested 
themselves, that this peculiarity of the urine is generally observable. 

[For much additional information on the abnormal pigments of tho 

> Arch. f. Cheoi. u. Mikros. Bd. 4, S. 191-196. 
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urine, we refer to the Memoirs of Dr. A. H. Hassall,^ read before 
the Boyal Society, on June 16, 1853, and Juno 13, 1854, On the 
frequent occurrence of indigo in human urine, end on its chemical, 
physiological, and . pathological relations of Dr. Harley,* “ On the 
coloring matters of tl^e urine of VhFchow,* “ On the piraents in the 
urine of Heller,* “ On uroerythrin as a constituent of the urine in 
diseases and of Kletzinsky,* On uroglaucin, considered as an oxide 
of indigo.” — G. B. B.} 

The presence of the biliary aeida in the urine is by no means so rare 
as has generaUy been supposed. Pettenkofer himself once detected 
them, by means of his own test, in the nrihe in a.case of pneumonia ; it 
is worthy of notice, that they are often present in only very small quan- 
tity, or are altogether absent, in ^well-marked cases of icterus, even when 
the urine abounds in bile-pigment, while a urine which contains very 
little pigment is often found, on a careful investigationj to be compara- 
tively rich in the biliary resinous acids. Cholic acid is, however, by no 
means invariably present in the urine in cases of pneumonia ; indeed, it 
is comparatively seldom found in that disease. 1 have not been able to 
discover these substances in the urine in any other disorder, unless (as is 
often the case with pneumonia of the right side) there was a decided 
affection of the liver. 

We have nothing to add to the observations already made (in vol. i. 
p. 282) regarding the occurrence of bile-figment in the urine. 

We must similarly refer our readers to vol. i. pp. 156 and 163, for all 
that need be stated regarding those comparatively rarei. substances, xan- 
thine and cystine. 

We have already noticed the pathological conditions under which 
carbonate of ammonia may occur m the ^rine. 

Sulphuretted^ hydrogmif although in most cases formed in the same 
manner as carbonate of ammonia, has been occasionally found in the 
urine in cases of tuberculosis and rubeola by Ohevallier,?’H6fie,^ and 
Heller.* 

Bntyrie acid, t^hich was first detected in the mine by Berzelius,* is 
only rarely present in it either in health or disease. The occurrence of 
this acid does not seem to be associated with any definite form of dis- 
ease ; I hate more frequently met with it in the urine of pregnant women 
than in th^.pf non-pregnant women, or men. 

Berzelius submitted to distillation urine that had been tr|ated with 
sulphuric acid, saturated the acid distillate with baryta water, j|)itered, 
and obtained on evaporation a crystalline saline mass, wMch, 43as the ad- 
dition of suljAurio acid, developed much butyric acid. . ^ On ideating 
the experiment, and submitting very large quantities of urine to such 
treatment^ I never obtained more tlmn traces of butyric acid ; but on 
examining the urine of e woman who , was not suckling (who was living 
on very low diet, and had little apperiie), on the third, fourth, sixth, and 
ninth days after delivery, I obtii|in^> by merely extracting the B(did 

* t*rocMdSng8 of the Boyitt Society. Vn.-S, p. 827, and Vol. 7, p. 122. 

* Pharm. Jnurn. Nov. 1S&2. . * Arch. f. pathol. Anab Bd. 6, S. 259. 

« Arofa. u. Mikrosk.' 1858, S. 861. • Ibid. p. 414. 

■ Journ. d(^bim. m4d. T. 1, p. 179. » Medio. Ann. Bd. 11, S. 416. 

•Arch, t (adm. u. Mikroski Bd. 8, S. 24. • Lebrb. d. Cb. Bd. 9, 424. 
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residue with ether, an acid fat which had the odor of butyric acid, Aud 
exhibited the ordioaiy properties of that substance : on then dissolving 
in water the residue that had been extracted with ether, adding sulphuric 
acid, and following the directions Of Berzelius, 1 obtained a fresh 
quantity of butyric acid. This urine which contained butyric acid was 
always somewhat turlnd and of' a ^tty yellow rather than an amber 
color. 

Ammoniacal such as the hydrochlorate of ammonia, phosphate 
of soda and ammonia, and phosphate of magnesia and ammonia, do not 
occur in fresh urine, although their presence there has been often 
asserted. The experiments which prove the non-existence of ammonia 
in fresh urine have been described in p. 404 of the first volume. We 
have there also remarked that the efflorescence which is observable on 
evaporating a drop of urine under the microscope, depends neither upon 
hydrochlorate of ammonia, or phosphate of soda and ammonia. When, 
on the other hand, ammonia can be distinctly recognized in fresh urine 
after its evaporation, it must be the product of some deco^l^position. We 
have already alluded to the facility with which urinary pigment under- 
goes alteration, and thus hastens the decomposition of the urea. Any 
one, by repeating the following experiment which I devised, may readily 
convince himself that the presence of ammonia in even the most care- 
fully evaporated urine affords no proof of its presence in the fresh 
secretion j for if we evaporate perfectly fresh urine in a retort at the 
lowest possible temperature, we always find ammonia in the distillate, 
while the concentrated urine that is left in the retort often reddens 
litmus paper more strongly than before. In this case the acid phosphate 
of soda exerts a decomposing action cgi the urea or on the pigment (pro- 
bably on both), and there is fermed phosphate of wsoda and ammonia, 
which, as is well khown, evolves ammonia at a tdhaperature of 100°, and 
again becomes converted into acid phosphate of soda ; hence it exerts a 
continuous decomposing action on these nitrogenous mdtters during 
evaporation, and thus the urine may retain its acid reaction, while a 
large amount of an ammoniaca} fluid passes over into* the receiver. If 
wo boil acid phosphate of soda withjmre urea, or with the alcoholic ex- 
tract, after freeing it from all bases and from ammonia by sulphuric aqid, 
and saturating the sulphuric acid with potash or soda, wcw may readily 
satisfy ourseVes of the correctness of this mode of exp^ining this 
singuliu* phenomenon. On treating urine that has been concentrated by 
freezir^ with bichloride of platinum and alcohol, there is a precipitation 
chloride of platmum and potassium, but no precipitation of platinmn 
and animonimin j on adding caustic potash to such urine, ^e precipitate, 
when examined with the microscope, does not exhibit the ^well-known 
star-like groups of laminee of basic phosphate of ammonia and magnesia, 
but merely amorphous matter ; and further, no ammonia can be detected 
in this precipitate by any chemical test. 

It is universally known that ammoniacal salts occur in morbi^, alka- 
line human imine ; but we also sometimes find ammemiaeal salts in the 
acid urine of patients, as I have convinced myself in examining the per- 
fectly fresh acid urine of typhous patients. It is, however, extremely 
difficult to determine the quantity of amifionia with any moderate degree 
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of accuracy, ■whether we apply bichloride of platinum according to 
Liebig’s^ method, or magnesian salts, as recommended by De ,Vry,* since 
urine of this nature has generally a great tendency to decomposition, 
and no conclusion can bo deduced from a single specimen ; for in the de- 
termination of the ammonia, it is necessary to employ the urine collected 
in a definite period. On this account also it is difficult to decide in 
what forms of disease we especially find acid urine to contain ammonia. 

The following is De Vr^’s method of determining ammonia quantita- 
tively in urine. Fresh urine is treated with bicarbonate of soda in order 
to remove the earths, is filtered, and sulphate of magnesia is then added 
to it ; in consequence of the presence of phosphate of soda in the urine, 
the addition of the sulphate of magnesia causes a precipitation of phos- 
phate of magnesia and ammonia, from which we must calculate the 
ammonia. There are, however, two pdints to be borne in mind, if we 
would wish to obtain accurate results by this method ; the first is, that 
the bicarbonate of soda throws down some ammonia with the magnesia ; 
and the second is, that it is possible that there may not bo sufficient 
phosphate of soda in the urine to combine all the ammonia with the 
magnesia, and to precipitate them. Both these difficulties may, how- 
ever, be readily overcome ; the former, by determining the magnesia in 
the precipitate thrown down by the bicarbonate of soda, the latter, by 
the addition of an excess of phosphate of soda (Berzelius).^ 

Thts occurrence of nitric acid, which Prout* and Wurzer* believed 
that they had discovered in brickdust sediments, is very doubtful ; for 
the methods of analysis which they employed might very easily deceive 
them. 

In considering the analytical rnfithods which have been employed, or 
suggested, for the examination of the urine, we find ourselves upon one 
of the most unpromising fields of inquiry within the whole domain of 
physiological chemistry. Our remarks as to the time and labor that 
have been lost in examining the analyses of the blood, apply with still 
greater force to most analyses of the urine. For these very analyses 
have been the means of throwing so much disrepute on the zoo-chemical 
investigations of true chemists, that l^hey have been classed in the same 
catalogue with the much-condemned analyses of old and modern drugs. 
We will only, add a few remarks to what has been already stated in the 
first volun^ in reference to the modes of discovering, and the methods 
of determining, individual constituents of the urine. 

But if pathology has hitherto reaped only little advanta^ from 
analyses of the urine, the fault rests less with chemists than -with physi- 
cians, who obviously can benefit little, or nothing, from -even the Mst 
analyses of^tho urine, as long%s they continue in error as to ^e actual 
results which may be obtained from such investigations. Till they learn 
to comprehend the questions they would submit to the chemist, they 
cannot obtain the desired reply from pathological chemistry. As long 
as the physician thinks he may emplpy chemical reagents as mere diag- 
nostic instruments, like the stethesoope and the plexhneter, he ■will 
acquire b;gt little information from a chemical investigation of the urine, 

I Ann. d. Cb. u. Phimm. Bd. 50, S. 196. * Ibid. Vol. 69, p. 888. 

• Jahresbor. Bd. 17, S. 628. * Op. oit. » Op. cit. 
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which conducted on such principles will necessarily rank amongst the 
most slovenly experiments. 

With respect to the diagnostic invet^gation of the urine it 

may bo observed that tne application of the microscope, and some few 
chemical reagents will, in general, afford all the necessary means for 
answering the quWions commonly demanded in chemical inquiry. If 
the urine be acid, the microscope may reveal, as we have already seen, 
mucus or pus-cmrpuscles (in the erroneously-termed chylous urine, such, 
for instance, as is almost constantly found to accompany pyelitis), 
epithelium, spermatozoa, casts from the tubes of Bellini, blood-cor- 
puscles, &c., and in addition to these urate of soda, oxalate of lime, and 
cystine ; if the urine be alkaline, a microscopical investigation will 
easily enable us to ascertain that the fluid contains only phosphate of 
magnesia and ammonia, uratd' of ammonia, and other morphological 
elements. 

In order to distinguish urate of soda from uric acid in a sediment, by 
the aid of the microscope, the urine should not be heated, for this would 
dissolve the urate of soda, as has been mentioned in vol. i. p. 194. 

If an apprehension bo entertained of mistaking the molecular masses 
of urate of soda for other molecules under the microscope, a few drops 
of hydrochloric acid should be added to the object, when rhombic crys- 
tals of uric acid will be formed. (Acetic acid often acts imperfeafcly or 
very slowly.) * 

In order to avoid confounding certain crystalline forms of the triple 
phosphate with oxalate of lime, a little acetic acid should be added to 
the microscopical object, as directed in vol. i. p. 50. 

The hexagonal tablets of cystine fliay; readily be, and probably often 
are, confounded with the analogous forins of uric acid. They may, 
however, easily be distinguished under the midloBcppe, on the addition 
of acids ; since the crystals of uric acid, which are generally yellow in 
color, are insoluble in them, whilst the crystals of cystine (which are 
generally colorless) very rapidly dissolve in them. We have already 
spoken in vol. i. p. 164 of the .chemical means of recognizing cystine. 

Other substances, such as urea, Jhippuric acid, uric acid (when it is 
not contained in the sediment), albumen, sugar, the biliary acids, and 
bile pigment, can only be chemically recognized in the* urine by the 
methods which we have already considered in the first volui^B. 

We have already noticed the mode of detecting butyric acid, certain 
abnorittal and ammonia. 

With a. view of determining the average quantitative relations of cer- 
tain inorganic ei^tituents, the same reagents are genet-ally employed 
which arq used in their qualitative analysis ; thus, for instance, in order 
to detect en excess or a deficiency of hydrochloric, phosphoric, and sul* 
phuric acids, and lime, in the urine, nitrate of silver, acetate of lead, 
chloride of barium, and oxalate of ammonia are usually directly added 
to separate specimens of urine — amode of proceeding whicAi can scarcely 
be justified, even in a medico-diagneblic investigation. Care should at 
all events be taken to bring the different samples of urine which are to 
be compared with the normal secretion to the same ^egree of density by 
concentration, since it is by this method only that a comparison can be 
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made between the vo^mes of the j>recipitate8. Such a method would, 
however, consume more time than observers are willing to expend on the 
inquiry, although it mifit be obvious that such a comparisbn of the 
volumes of the precipitates cannot in itself lay claim to the slightest 
degree of accuracy. How many substances may not be contained in the 
’ precipitated metaUic salts, even where nitiric acid has bben most carefully 
employed for the recognitioit of the chloride of silver or the sulphate of 
baryta ? May not numerous organic substances be precipitated by the 
metals from the urine, more especially when it is in a morbid condition ? 
IIow is it possible to decide regarding the density of the urine from its 
color, or in this manner to determine the excess, or diminution, of these 
substances ? Physicians should be cautious, lest they may be led into 
new errors by these superficial chemical tests, when they have only just 
liberated themselves, by physical and anatomical inyestigations, from 
older misconceptions. It would, however, be going too far, wCTe we to 
attempt wholly to avoid these .misapplied methods, in entering upon a 
scientific examination of the urine. Thus, for instance, in attempting 
to ascertain the increase, or -diminution, of the phosphates in any disease, 
we might, after collecting the twenty-four hours’ urine, and keeping it 
as cool as possible, add ammonia in order to remove the earths and the 
greater part of the uric acid, and then treat the filtered fluid with sulphate 
of magnesia. The first precipitate after exposure to a red heat would 
show the amount of the earthy phosphates, and from the second we could 
calculate the phosphate of soda. If wo wish to ascertain the quantity 
of lime separated with the urine in a certain time, it would be suflScient 
to precipitate the filtered urine with oxalate of ammonia (provided the 
urine be acid), and after the oxalate of lime has been washed according 
to the usual methods of analytical chemistry, to expose it to a red heat, 
■u'eigh it, and thus calculate the quantity of the lime. If we precipitate 
acidified urine with a baryta salt, we may approximately determine the 
quantity of sulphuric acid ; but if we follow all the prescribed rules, we 
shall, after exposure to a red heat, obtain a carbonaceous sulphate of 
baryta, which after the combustion of the carbon will exhibit an alkaline 
reaction or develope bubbles of air,, when treated with acid. A similar 
remark may be made in reference to the determination of the chlorine 
in the urine by direct precipitation. 

The method of determining the potash in the rmine by bichloride of 
platinum would, for reasons which remain to be explained, be almost 
equally devoid of exactness with the modes of detennmation already 
referred to. ' ^ 

It must be observed in^referenoe to the qualitative investigation of the 
urine, that it is veiyr^instructive to allow this fluid to stand for a ^rolei^d 
period, and to examine it from time to time with the microsca^, since 
the nature of the physical alterations, the rapidity with which they occur, 
and the chants obseived in the reaction on vegetable coku^,' yield, as 
we have already seen under the head , 9 :f Urinary Fermentation, considera- 
ble ixiformation as to the presence -c^ Hfach ingredimite or characters of 
the urine as could not be chemicallyr^eteeted. 

More imj^rtance -has been atta<med to the determination of the »pec^ 
gravity of the urine than it actually possesses in a scientific point of view. 
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or than it merits from the methods employed in detpmining it. In fact, 
the determination of the specific gravity of the urine is of less import- 
ance than that of any other animal fluid. We may regard it almost as 
a law, that the blood and most other animal fluids, have always a ten- 
dency to maintain a definite specific gravity, which is necessary for the 
fulfilment of their functions. The fluctuations in the specific gravity of 
these fluids are, therefore, very inconsiderable, and hence it is the more* 
important to notice great variations in them. The case is altogether dif- 
ferent in respect to the urine, whose concentration is almost invariably 
changing ; indeed, it seems to be the special function of the kidneys to 
maintain the other animal juices in their normal state of admixture and 
in their proper degree of concentration ; at one time there being an excess 
of salts carried oft' with the detritus arising from the metamorphosis of 
tissue, at other times, more or less water. We have already shown what 
nuiherous and ' different external and internal conditions control the 
quantity of water which passes through the kidneys, and we can there- 
fore derive but little instruction from a knowledge of the specific gravity 
of the urine, while we remain in ignorance of the conditions which exist 
in individual cases. 

It may be asked, however, will not the specific gravity of the urine 
aid us at the bedside in arriving at important conclusions regarding the 
course of the morbid process, or even in recognizing the disease ? But, 
notwithstanding the use of the highly vaunted urinometery which has 
been constructed in various forms and according to different principles, 
we do not find that the more accurate determination of the specific gravity 
of the urine^as thrown any great light upon the morbid processes in 
question. Nor indeed was this to be expected, for it is far more difficult 
to draw any scientific conclusions from the density of the renal secretion 
in the diseased organism than in health. But may it not be objected, 
that the specific gravity of the urine may aid in the diagnosis of diabetes 
mellitus ? This very question shows that the importance of determining 
the density is ideal rather than real, for the specific gravity of diabetic 
urine, even when the disease has been diagnosed, is frequently not greater 
than that of other urine ; even when diabetes is fully established, that is 
very frequently the case ; so that the color and reaction of the uri,ne, 
and the quantity daily discharged, must be taken into accqjint in forming 
a diagnosis from the urine alone. But surely it would be much better 
at once to apply one of the simple tests ; for sugar, if found to be pre- 
sent, would have a higher diagnostic significance than all the other cha- 
racters together. Why should a 'bad method be employed when a good 
one is at ou; disposal ? The urea diathesis assumed 4o dScist by English 
physicians, may perhaps be diagnosed from the specific gravity of the 
urine; as yet, however, this disease has not, so far as we know, been 
observed on the continent, and, indeed, we almost doubt if it ever will 
be, for a disease which consists of a mere metamorphosis of all the tissues 
into urea, without any special anatomically demonstrable organic lesion, 
is not credible on physiological grounds. How rapidly this supposed 
chronic affection would run its coiirse, if such masses of urea passing 
daily through the urine were the detritus of the tissues, and not, as is 

VOL. II. 10 
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probably the case, merely the result of « good digestion of large quanti- 
ties of animal substances ! 

The specific gravity of thei urine has never been detenniued on account 
of its absolute value, but always solely with , the view of detemiming the 
quantity of solid constituents and water contained in this fluid. It was 
supposed that the residue of the urine ifught readily be determined from 
its specific gravity, and for this purpose Fs, '^mon,^ Beequerel,* and 
G. Bird,^ have ^ attempted to establish formulsut from ^hicb, when the 
specific gravity was given, the solid residue of the urine might be det^- 
mined. The complete inapplicability of snch formulse, wich I have 
shown by my own experiments,* has recently been taost completely 
demonstrated in a large number of investigations made by Chambert* on 
the urine of healthy persons. These experiments prove that there does 
not even exist any definite proportion between the quantity of salts in 
the urine and its density, and much less that any sum eannection e^ts 
between the organic matters and the density of the- fluid* A comparison 
of the numbers yielded by the formulae of these three observers -will suffice 
to show the remarkable differences in the results. Those ditTerences are 
clearly exhibited by the following simple illustrations ; thus, for the urine 
whose specific gravity is 1*010, Becquerel gives 1*6508, Simon 1*9278, 
and Bird 2*3278; for a specific gravity of 1*020, the first gives only 
3*3008, the second 4*1098, last 4*659g, &c. If this enormous 

difference in the results depend upon the different methods adopted by 
the several observers for the determination of the specific gravity as well 
as of the solid residue, it is evident from Becquerel’s tables, in which the 
specific gravity is only increased about tnVvth part and^the urinary 
re^due about 0*1658, that a progression which is so much at variance 
with all the laws of physics dannot be correct. It would be necessary 
to expound the '“principl'cs of physics, were we to attempt, in the present 
place, to explain why two or three kinds of urine may have the same 
specific gravity, and yet differ in the quantities of their solid constituents, 
and why, conversely, samples of urine which contain similar quantities 
of solid constituents, might yet differ so considerably in density. In order, 
however, fully to show the impracticability of this method, we need only 
refer to the remarks made in vol. i.,p. 409, in reference to Ihe determina- 
tion of the specific gravity as a means of controlling the chemical analysis. 
.It is obvious, from Schmidt’s positive investigations, that a definite pro- 
gression in the specific gravity which may be expressed numerically, 
cannot corresppi^ with that of the increase of the solid conslitaenta ; 
and that in the analysis of the urine, Schmidt’s mode of determining the 
specific gravity, ama volumetric chcch on the chemical determinations, 
possesses only a fio^tious accuracy. The reasons of this uncertainty 
consist partly in oiir ignorance of the coefficient of condensation of many 
of the constituents of the urine, which are present in very variable quan- 
tities, and partly on . the utter impossibility of determining the quantity 

■ - ' f ^ -‘V ' • 

^ Beitriige z. med. Ch.. u. Mikrosk. Bd. 1, S. 77 u. 143. 

^ Semeiotique des urines^ 

• MediCftl 04zette. New Sw. Tol. L p. 188. 

« ^nidt’s Jahrb. Bd. 47, 8. 4./ 

^ B^ueil des M^moires de m6d. et pharm. milit. T. 68, p. 358. 



ITS BPKOIFIO ORAVITT. 


147 


of 8omo of the substances contained in the urine, even with a moderate 
degree of accuracy. 

Although we regard it as entirely out of place in a work on physio- 
logical chemistry, to enter more fully into the methods of determining 
densities, or to pass an opinion upon their value, since these are subjects 
which should M learnt from, pay sics, or at all events from practical 
chemistry, we cannot '■forbear making a feW remarks, which may prove 
serviceable to those •who have been finable to form any opiniod regarding 
the numerous determinations of densities with with pathologico-ehemical 
literature is over-burdened. The ordinary means employed for the 
determination of the specific gravity of animal fiuids are, the areometer, 
the hydrostatic balance, and the direct weighing of equally large vo- 
lumes of .distilled water and of the fluid in question. We need hardly 
repeat an obsravaition which we have already made more than once, that 
the areometer wiv^ only approximately correct results, even when it has 
been gradnatedfor a definite temperature, and is in other respects well 
made. It would, however, be wholly at variance with the principles of 
areometry, if we were to expect to arrive at even a tolerably accurate 
result, if we applied the areometer to fluids containing any solid particles 
in suspension. Even if such approximate determinations may suffice in 
the case of analyses of the urine, they should be discarded in all other 
animal fluids ; for if the specific gravity is to be anything beyond a mere 
appendage to the analysis, its approximate determination will wimply 
furnish a* means of error. Our remarks naturally apply to all the other 
methods in use for determining the densities of fluids, and even with 
greater foro^, in so far aS they justify us in expecting more accurate 
results than those which can be furnished by the areometer. • 

Among the difierent areometers, there ii only one which deserves any 
special notice ; but this instrument, which is coifttructed by Alexander,* 
of Munich, yields, according to my experience, much more accurate 
results than one might be disposed to expect, d priori, from its construc- 
tion. It is arranged in the following manner : Two parallel graduated 
glass tubes, both open at one end, and communicating with each other at 
their other ends, at which is a small syringe, are introduced, the one into 
water, and the other into the liquid to be examined. The air in the 
tubes is now slightly rarefied by means of the syringe, when by compar- 
ing the elevation of the water and of the other liquid in the tubes, the 
ratio of tiie specific gravities is given. This is the best of all the instru- 
ments for rapidly determining the density, as the influences of the tem- 
perature and of atmospheric pressure are here almost eliminated. 

The hydi/*oHatie hodanee with a jylaaa sinking-ball generally yields 
more ttbeurate results than the areometer; but yet, notwithstanding 
every precaution, it does not admit of the exactness presented by the 
direct weighing of volumes. The defects in this method depend princi- 
pally upon; the irremediable loss of a po.rtion of the water of the animal 
fluid by evaporation, and more especially upon the circumstance that the 
balance gives a nfuchjess accurate result when the glass ball is weighed 
in water or in an animal fluid than %hen it is weigheddn the air; and on 
this account fluids that are at all viscid, such as blood-serum, should not be 

* Poljteohn. Centralb. lS4t. Heft. 6, S. 861. 
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treated by this method ; defihrinated blood cannot he examined in this 
manner, for we often find that even the addition of one or two centi- 
grammes does not affect the beam of the balance. Even if the unavoid- 
able adhesion of vesicles of air to the glass did not render this mode of 
determination unsuitable for the blood, its employment in the case of a 
fluid in which solid particles are irregularly distributed, appears, from 
well-known physical, grounds, to be wholly irratioiml. 

The ordinary method of determining the specific gravity by the direct 
weighing of equal volumee in glass flasks is the best, but its value may 
unfortunately be very considerably diminished if it be not conducted with 
a care and attention which many medical chemists scarcely seem to think 
necessary, excepting in the case of elementary analyses. It is not suffi- 
cient in this method to weigh the empty and carefully dried^ flask, to 
determine its weight when filled with water, and finally with tliie fluid to 
be examined, for several calculations will be required to make the neces- 
sary corrections, on account of differences in the thermometric and 
barometric relations. It must further be borne in mind that the weigh- 
ing is not conducted in a vacuum, and that the specific gravity alone 
possesses any value when it has been reduced for a vacuum. This is 
easily effected when the specific gravity of the glass and the coefficients 
of expansion of the air and water are known ; and the calculation may 
be very considerably shortened by the use of logarithms, or of a couple 
of algobraic equations.* 

But in how few of the numerous determinations of the density of ani- 
mal fluids has it been thought necessary to employ all these precautions ! 
No one, however, who compares the results obtained with and without 
these corrections can deny their necessity. Then, moreover, we very 
rarely find the mode of determination indicated in the notice of the spe- 
cific gravity, although the knowledge of the method employed is quite as 
important here as in the case of the numerical results of the analysis. 
How can we place entire confidence in the technical mode of conducting 
such a determination, when this essential part of the calculation of the 
specific gravity hals been neglected ? Wo can hardly expect that an ex- 
perimentalist who neglects to attend to the influences of temperature and 
the degree of expansion of the different media employed in these measure- 
ments, shou]^ regard all the other necessary precautions ; amongst 
which, we may enumerate the following as points worthy of attention. 
In every experiment for the determination of volume, we should use 
freshly-boiled dhM^illed water ; the glass should beheld and diied with 
some non-condtloting substance, and care should be taken to avoid 
all contact with heated or ‘perspiring hands ; all vesicles of air should be 
excluded as far as pqssible, and the glass cover or plate should be mois- 
tened before it is placed up<m the <flat surface, in order to remove any 
adhering air ; and the flask should be dried with some cleaner substance 
than orffinary linen or strips of paper, which may give rise to great in- 
accuracy. 

« !i?he practice of drying the flask by means of a wir^vrrapped in linen 

^ We refer those who may be ignorant of the mode of constructing the neces- 

sary formtute» to any of our best Manuals of Physics, and especially to Berzelius's 
Lehrb. d. Chh\ 8d £d. VoL 10, p. 285, and to C. Schmidt’s Entwurf einer Untersuchun- 
gens methode thierischer 8'afte. 
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or paper, is not only laborious and tbdious, but may, at the same time, 
give rise to slight errors ; on vrhich account, it is better to place the 
flask over sulphuric acid in a vacuum, which accomplishes the proposed 
purpose very rapidly and effectually ; or, after the flask has been placed 
in the sand-bath, the air must be suffered to pass through it, as in smok- 
ing, by means of a tube running along the bottom of the vessel. By 
these methods, which are faaaiTiar to all chemists, the faintest breath 
may be observed upon the exterior or interior of the glass. We simply 
refer to this well-known operation, in order to show those less familiar 
with this apparently simple method, how much care and attention are 
required for the mere determination of the specific gravity of a fluid. 

Having already offered these remarks on the methods of determining 
the specific gravity, it may not appear superfluous to observe that we 
have been induced to adept this course on two different methodological 
grounds. The, first,- which has already been noticed, refers to the neces- 
sity for the utmost accuracy where we are desirous of imparting any 
scientific value to our determinations of density as a controlling test of 
the chemical analysis, and as a means of comparison with the specific 
heat and the refractive and polarizing powers ; since, without such pre- 
caution, the scientific object of the inquiry could never be attained. 
The method alone is not all that ought to be considered, since the mode 
of its application is of even greater importance ; for whilst one person 
may obtain very incorrect results in weighing with the most accurate 
balance, another may contrive to arrive at the best determinations by 
means of an inferior balance, provided the weights are accurate. Tims, 
too, the second reason which has led us into some diffuseness, is obvious 
from our previous observations, and consists in this : that we should 
regard all average estimates of density which are prosecuted simply by 
way of appendage to the chemical analysis, or fjr the purpose of roughly 
determining the quantity of water in a fluid, as entirely superfluous, and 
a mere waste of time and labor, which might have been expended upon 
some of the numerous questions of science which still require elucida- 
tion. • - 

In passing to the consideration of the quantitative analysis of the urine, 
we need only observe generally, tha^ in all investigations of the urine, 
in which the quantitative relation of the secreted urinary j^nstituents is 
to be ascertained, the collective fluid which has been passed within a 
definite period (as, for instance, twenty-four hours) should be selected for 
analysis^ and its composition compared with that of other normal or mor- 
bid urine which has been passed within the same peridd of time ; or in 
case this method is not practicable, or is otherwise unsuited to the object 
of the investigation, the quantity of water should bp wholly disregarded, 
and the proportions of solid constituents to one another should be made 
the object of investigation (that is to say, the constituents should be 
calculated for 100 parts of solid residue). So much has already been 
said in reference to the necessity of this point in a rational investigation 
of the urinoj as insisted upon in Becquerel’s and my own observations,* 
that it would be alike uninteresting and superfluous to revert to the 
reasons which led us to establish thb role, more especially as it must be 
> Journ. f. pr. Ch. Bd. 26, S. 1-21, and Bd. 27, S. 257. 
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obvions from all that has beon, and still remains to be, mentioned con- 
cerning the urine. It may, however, seem' as if we were too strenuously 
insisting upon this very important point ; for this rule by no means en- 
tirely precludes the analysis of any other mine besides that which has 
been collected in twenty-four hours. For, independently of the foot 
that the analysis of the entire quantity of urine discharged ’^rom the 
bladder at one < time, is not only admissible, but ^en hi]|hly desirable, 
when considered in a scientific point of view^ wei*«Hty derive accurately 
scientific and purely physiological results by adopting a method I have 
elsewhere recommended, of comparing together tne different solid con- 
stituents in the urine, without restricting the examination to the twenty- 
four hours’ urine. The comparison of the numbers representing the solid 
constituents frequently gives very unexpected results, which cannot be 
obtained from a mere comparison of the complete analysis of the twenty- 
four hours' urine, or of any other urine. By way of illustration, we will 
simply refer to our remarks in vol. i. p. 487, in which we showed that 
we had been enabled, by a comparison of the solid constituents of hepatic 
venous blood with those of portal blood, to arrive at several conclusions 
which could not hafe been obtained independently of this mode of cal- 
culation, but which are very important, and throw considerable light on 
the metamorphoses effected in the liver, the physiological import of the 
hepatic function, and the rejuvenescence of the blood. This is even 
more essential in respect to the investigation of the urine, since water 
in general plays a far less important part, or, at all events, does not 
stand in so definite a relation to the solid constituents here as in other 
animal fluids, — a remark which applies equally to daily Urine and to any 
individual specimen. Indeed it would be wholly illogical tn insist that 
analyses should be rigorously limited to„thd twenty-four Murs’ urine, 
since such a method could not fail to lead to errors and misapprehensions. 
We need hardly remark, that in acute disease? the character and compo- 
sition of the urine may change very considerably in the course of twenty- 
four hours; and idiis is not only the case in typhus, measles, &c., but 
sometimes also in inflammations running their ordinary course. Thus it not 
unfrequently happens in pneumonia, that a urine is passed in the morn- 
ing, which eitj^er already exhibits a^ alkaline reaction, or becomes alka- 
line in a very short time, whilst the urine discharged three or four hours 
later may have an aSid reaction, and exhibit an increase of acidity on 
standing. Now, when 6U(di different kinds of urine are mixed, we can 
hardly be said to be conducting a very strict, or even rational, method of 
investigati<^.. ■ - , 

In conducting an analysis of the urine, special attention must be de- 
voted to its eva^ration and the drying of its residue; and here again 
we encounter o^er difficulties, whicn differ from those presented by simi- 
lar modes of investigation, as, for instance, in evaporating and drying 
milk. I have convinced myself by direct experiments* that, in' evaporcb‘ 
tin^ the urine, its decomposition will 'be directly proportional to the du- 
rauon of the evaporation;; and I haye already drawn attention to the 
fact that" the mine alw^fo developes ammonia during its evaporation, 
althdugh3t may retain its acid reaction. It is, therefore, very important 

' Op. cit. 
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to let this evaporation be effected as rapidly as possible, when it is una- 
voidably necessary to do so by beat ; and this observation is especially 
applicable when the oolleotive twenty-four hours’ urine is evaporated, 
since in thi%oaae the urine is rendered more susceptible of decomposition 
from prolonged standii^. SKow evaporatioft has, however, the effect of 
causing the urine to be decomposed with extraordinary rapidity, as we 
may see from the £Mft that urine which has b§en thus collected and 
mixed together wilQbx four out of five cases, contain no hippuric, but 
only benzoic acid. Tke urine always becomes slightly decomposed when 
evaporated by heat, in whatever manner this may have been accom- 
plished ; but the following method is, I think, the best adapted to hinder, 
as much as possible, this deemnposition. The urine should be intro- 
duced into a wide tubular retort, and whilst the evaporation is procceeding 
on a sand-bath near the boiling-point, atmospheric air, or hydrogen gas, 
should be continually passed over the evaporating surface. The mstillate 
will then always be ammoniacal, although not to such a degree as if the 
evaporation were accomplished without the employment of a current of 
air. The quantitative determination of the solid residue cannot, how- 
ever, be obtained by this method, which simply serves for the prepara- 
tion of the extract from which the urea and the other constituents of 
the urine may be quantitatively determined. 

1 regard the following as the only correct method of ascertaining the 
quantity of the solid residue ; small quantities of the fluid (see vol. i. 
p. 408) should be placed in a vacuum with sulphuric acid, care being taken 
in exhausting the air that the urine does not boil, and is not allowed to 
bubble ; from, ten to fifteen grammes may in this manner bo very readily 
evaporated in a shallow basin. The application of heat, as, for ipstance, 
of the air-Jbath, is, however, even mwe objectionable for drying the resi- 
due than for evaporating the urine ; the urinary residue commonly forms 
a tough, extract-like, and very hygroscopic mass, and hence several pre- 
cautions are here required, besides those which were noticed in vol. i, 
p. 305, for drying animal substances. In the first place, the urinary 
residue ought only to bo dried in a vacuum at a mean temperature, be- 
cause it invariably becomes decomposed on the application of beat, 
although in some cases more than others. When the urine^is heated on an 
air-bath, as, for instance, at about 90 or 100® C., % always, becomes en- 
veloped in an atmosphere which contains ammonia,4>ut wllioh regains its 
ordinary condition when the air has been frequently changed, and a cor- 
responding loss of weight may be observed on each repeated weighing, 
’.^e process of weighing is here attended with the greatest difficulties, 
since the urinary residue is almost more hygroscopical than that of the 
bile ; and on this account the precautions there indicated, or some other 
means, must be employed to hinder the increase of *weight which may bo 
induced by the attraction of water during weighing. It is of little 
use to place sulphuric acid or chloride of calcium withm the case of the 
balance; but, instead of the shallow evaporating basin, a wide vessel 
may be employed, having a ground-glass stopper or glass plate, which, 
immediately after the drying and before the weighing, should be attached 
to the evaporating vessel. We certainly cannot hope to effect a perfect 
drying of the urinary residue without the application of artificial heat ; 
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but vre may, at all events, obtain results by this method which admit of 
being compared with one another, and which would be unattainable if 
we employed heat. 

Alkaline urine- — that is to say, urine containing carbonate of ammo- 
nia — is very ill adapted fof quantitative analysis. If, therefore, it is 
deemed necessary to analyze it, it must be neutralized before it is evapo- 
rated, or, what is still l^etter, acidified, by means of a definite quantity of 
dilate sulphuric acid, which must subsequently be accounted for in the 
analysis. * 

We have already spoken, in the first volume, under their respective 
heads, of the various methods adapted for the quantitative determina- 
tion of ureUy uric <u:id^ hippurio aeid^-sugar, albumen, oxalate of lime, 
fee. Nor have we much to add in reference to the quantitative determi- 
nation of the mineral constituents of the urine beyond what we have 
already stated of analyses of the ash in vol. i. pp. 868—407. In case 
we do not wish to adopt Rose’s method of determining the ash, the pro- 
cess of carbonizing and incinerating the residue of the urine may be 
considerably facilitated by adding to the urine, before its evaporation, a 
quantity of nitric acid nearly equivalent to its urea ; by this means ni- 
trate of urea is formed, which becomes decomposed on evaporation into 
carbonic acid and nitrate of ammonia, and escapes, during further con- 
centration, in the form of water and nitrous oxide. Much time is gained 
by this method, for the substance which constitutes the larger portion 
of the urinary residue, and which yields a very large quantity of carbon 
on exposure to a red heat, is in this manner almost entirely eliminated. 
It might be feared that a portion of the alkaline chlorides would thus be 
decomposed either by the nitric acid or the nitrous oxide ; but from the 
direct experiments which I have made wi|;h this and with the ordinary 
method, I find that thare is no loss of chlorine unless we add so much 
nitric acid that slight explosions occur on exposing the solid residue to a 
red heat. But it is not possible, even by this method, to consume the 
urinary residue so entirely as only to leave a white ash, if we keep in 
view that we are attempting a quantitative analysis, and have regard to 
the vapors of phosphorus and chlorine which escape on intense heating. 
On account of the presence of soluble and fusible salts, the carbonaceous 
residue of the urine can scarcely ever be perfectly incinerated, for the 
particles of edrbon ifecome invested by. means of the fusible salt with a 
crust, which protects them from the action of oxygen. As this is the 
ease even with ve^y email quantities, of the urinary residue, I regard the 
following method as, the best adapted for quantitatively determining the 
mineral constitvents of the urine : the carbonaceous ash must be weighed 
with the caution necessary in the case of hygroscopical bodies, and after 
being washed with Wdter, must be filtered ; and the residue on the filter, 
whose weight in dry state has been previously ascertained, must be 
again weighed. ./IPhe difierence of weights gives the amount of the mine- 
ral substances dissolved by the waterj the insoluble parts may now be 
easily incinerated, and weir quantity thus determined. The further 
analysis must then be completed by the ordinary methods. 

ihe ootUbnstion of the carbon by oxygen in a platinum capsule seems 
to me, at adl events in the case of the urine, to be altogether unsuitable, 
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on account of the volatilization of the chlorine, and even of sulphuric and 
phosphoric acids. 

Chambcrt’s* method is the best adapted for a continuous series of de- 
terminations of the mineral subtances of the urine. The evaporation of 
the urine must be effected in the following tnanner : a tube, two centi- 
metres in width is provided, at its lower extremity, with a glass -tube, 
twice bent at right angles, and terminating in a sphere ; this sphere 
again opens into a ntiaute drawn-out glass tube, whilst the upper part 
of the wide tube passes into a small glass tube into which a cook is in- 
serted. This apparatus is filled with urine, and so secured to the stage 
of a Berzelius’s spirit lamp that the opening of the glass sphere is brought 
immediately over a heated platinum crucible. By means of the cock 
we may regulate the access of the air, and the corresponding dripping of 
the urine into the crucible. Chambert allows the urine to escape so 
slowly, that one drop is suffered to evaporate before another succeeds it. 
In this manner 100 or 110 grammes of urine may be evaporated in the 
course of an hour and a half. Loss by spirting may be tolerably well 
prevented by carefully arlcT uniformly regulating the escape of the fluid. 
The layer of carbon which speedily invests the crucible does not antount 
to the twentieth part of that obtained by the ordinary method. 

In order to effect the combustion of the residuary carbon, distilled 
water should be suffered to drop on the glowing carbon from the same 
reservoir in which the urine was previously contained ; the combustion 
of the carbon will go on with tolerable rapidity at those points with 
which the water comes in contact, owing to the well-known decomposition 
of this fluid at a rod heat ; but as some carbon will always adhere to the 
walls, it must repeatedly be removed, and more water allowed to drop 
upon it. The experiment do^s not gain in accuracy by this method, but 
the combustion is effected with greater rapidi^. Hence we 'may per- 
ceive that, although this analysis is very applicable in certain cases, it 
cannot, for many reasons, lay claim to any great degree of exactness. 

The volumetric method is on many accounts to be preferred to deter- 
minations by weight, in the analysis of the urine. Shis method has not 
only the advantage over weighing of being more rapidly accomplished, 
which is especially desirable in the case of urine-analyses, in which, for 
the most part, a large series of observations are necessary for the attain- 
ment of reliable results, but it has the further adPtantage of rendering 
all long-continued evaporation unnecessary, and this is a great advan- 
tage, in consequence of the decomposition of the jirine, which this 
process always induces. This method, after having -been for a long time 
employed in testing metals, has been adopted by Liebig in the analysis 
of the organic juices. We have already considered in detail (vol. i. p. 
254) Fehling’s method of determining the sugaf in the turine. The 
following method for determining the amount of pho^Jioric acid in thu 
urine was recommended to Breed by Liebig.® A solution of perchloride 
of iron, of definite strength, is added to acid urine, jor to urine which has 
been acidified with acetic acid, until no more phosphate of iron is sepa- 
rated ; the quantity of phosphoric acid in thb urine is then calculated 

' Recneil des Mdmoires de mdd. et de pharm. militaire. T. 68, p. 828. 

> Aim. d. Ch. a. Pharm. Bd. 78, S. 160. 
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from the volume of the iroa-Bolation whi«h has been employed. The 
solution of the perchloride of iron is prepared by dissolying 15*556 
grammes of iron in tig^ua re^so, and then oarefolly^ evaporating the solu- 
tion to dryness in a water-bath, in order to remove the excess of free 
aoid without decomposing and volatilizing any part of the pecchloride of 
iron. The residue is dissolved in 2000 c.c. ca water ; 1 c. 0 ;. of this solu- 
tion will precipitate 0*010 of a ^amme of pho^hotic acid (that is to 
say, 10 milligrammes). In the plaoe o^^this solution we may employ 
one of undetenmned concentration, the stiwngth of which may be tested 
by a solution of phosphate of soda, whose amount of phosphoric acid has 
been previously determined. The solution of perchloride of iron must 
not, however, contain any of the protochloride. In order to ascertain 
whether all the phosphoric acid has been precipitated, and there is a 
trace of perchloride of iron in excess, we must moisten a slip of paper 
saturated with ferrocyanide of potassium with a drop of the urine to be 
tested ; if the excess is considerable it will be detected by the formation 
of Prussian blue. Here, as in all cases in which this method is employed, 
the quantity of the substance to be determitiod in a previously deter- 
mine volume of the urine, is ascertained from the volume of the test- 
fluid which has been expended in the.experiment. 

We may proceed in a perfectly similar manner in the determination 
of the chlorine and sulphuric acid in the urine ; but here we must acidify 
the urine with nitric or hydrochloric acid, and bear in mind that, not- 
withstanding the free acid, organic matter, combined with oxide of silver 
or baryta (as, for instance, uric acid, &o,), is precipitated, although 
perhaps only in very small quantities, together with the chloride of 
silver and sulphate of baryta, and hence rather more chlorine, and espe- 
cially more sulphuric acid, is always calculated than the unne actually 
contains.** " ^ 

Liebig* has suggested a very ingenious' method for determining volu- 
metricaily the amount of urea in the urine, which is closely connected 
with a chemical fact that ho has recently discovered,* namely, that if 
bichloride of mercury in solution, and bicarbonate of potash in excess, 
be added to a solution of urea, we obtain a compound of urea and 

mercury, U ■+- 4 Hg O, which is perfectly insoluble in water. This 
method has, further, this advantage, that we simultaneously determine 
the amount of chlorine in the urine. The folio mng are the main steps 
in the process. In prder to remove the phosphates and sulphates of the 
urine, a definite jij|iautity of the fluid is mixed with half Us volume of 
a fluid, containing ! volume of a saturated solution of nitrate of baryta' 
to 2 volumes of 'a saturated solution of caustic baryta. We take about 
16 c.c. of the filtered alkaline fluid (which consequently contains for 
pvery 8 volumes 2 volumes of jlrine), and then, without neutralizing it, 
we add fronr a u solution of nitrate of mercury of known 

strength, as long ajj any precipitate is formed. The mixture must be 
well stirred during this process. The precipitate is the above-mentioned 

compound. of urea and oi&de of mercury, U -f 4 Hg 0. When a few 

* Ann. d. Ch, n. Fbaxm. Bd. 95, S. 289-828. 

* Ibid. Bd. 80, S. 128. * 



ITS QUANTITATIVE ANALYSIS. 


155 


drops of the turbid fluid are poured into a watch-glass, and one drop of 
a solution of carbonate of soda is added, the mixture soon becomes yellow 
when treated with an excess of t^e solution of mercury, but it remains 
white when the solution of mercury is insufficient to precipitate all the 
urea. ■ Very different methods may of ^course be employed for the pre- 
paration of the test-fluid (of nitrate of mercury) ; Liebig has, however, 
proposed a very simple method for this purpose, which consists in treat- 
ing nitratje of mercury, in place of the bichloride, with phosphate of 
soda ; if, however, a solution ^f common salt, of known concentration, 
be added to a mixture of these salts before the precipitate of the phos- 
phate of mercury is rendered (crystalline, the quantity of the oxide of 
mercury may be very easily calculated from the volume of the chloride 
of sodium necessary for its resolution (for one equivalent of chloride of 
sodium necessarily corresponds to one equivalent of the phosphate of 
mercury). We may, however, at once obtain a solution of chloride of 
sodium suited for the purposes of these experiments, when we consider 
that a solution which is saturated between the temperatures of 0° and 
100° constantly contains 27% of salt. 

The method of determining the amount of chlorine in the urine is 
based upon the fact that, on the one hand, urea may be precipitated by 
the nitrate but not by the bichloride of mercury, and, on the other 
hand, that the nitrate becomes converted into bichlorWe of mercury 
when brought in contact with chloride of sodium. In order, therefore, 
to find the amount of chlorine in the urine, a definite volume of it*8hould 
bo decomposed with the solution of baryta ; the urine which is filtered 
from the precipitate should then be treated with nitric acid until it is 
completely neutralized, and the solution of the nitrate of mercury poured 
upon it until the precipitate no longer dissolves on being' stirreti (that is 
to say, as loiig as bichloride of mercury is foijned). Tho quantity of 
the bichloride of mercury, or of tho chlorine, contained in the urine may 
be calculated from the volume of the solution of mercury which has 
been used. 

. The amount of the secretion of urine exhibits greater fluctuations than 
the secretion of any other organ. So many of the most varied external 
and internal conditions hero come into play, that it would be impossible 
to estimate them perfectly, either i(ft special or general cases. Althou^ 
we may form to ourselves a tolerably correct idea of the more remote 
influences acting upon the secretion of urine, and of their extent, we are 
still very defleient in the knowledge of the more immediate conditions 
which influence this secretion and regulate the variations in its amount. 
The science of physiology more especially feels the wan^ of those chemi- 
cal investigations, which might elucidate the relation of the character 
and composition of the blood to the secreted urina although we ar# not 
deficient in Isolated facts confirming the proposition whiem had been d- 
priori advancied, that the constitution as well as the amount of the urine 
must (lepend upon the existing constitution of the blo<}d. In the mean- 
while it cannot be overlooked, that the chemical Miaracter of the blood 
cannot be the exclusive cause of all or any hf the modifications in tho 
urine, but that the mechanism of this secretion, as well as the condition 
of the nervous system, mist be included amongst the immediate agents 
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of the secretion of the urinary matters from the blood, and therefore 
must control the amount of the secretion. Whilst it is only recently 
that the view has been generally admitted, that the most essential con- 
stituents of the urine exist preformed in the blood, it has even been 
attempted to refer the process of the secretion to purely dynamical rela- 
tions, depending upon the nervous system. No sooner was the funda- 
mental law of endosmosis established, than it was supposed that the 
transmission of the urinary constituente into the “ tubuli uriniferi” might 
be referred to this process ; but a more thorough investigation of the 
laws of endosmosis sufficiently demonstrated that endosmosis alone was 
insufficient to afford an explanation of the mechanical processes involved 
in the secretion of urine. Ludwig* made the first successful attempt to 
establish a theory for the mechanical part of the process of the urinary 
excretion in the kidneys. Whichever view one may incline to in refe- 
rence to the terminations of the urinary canals, it must be admitted that 
the principal part of the secretion from the blood is effected in those 
singular coils of vessels, the Malpighian bodies. It would appear, how- 
ever, from the measurements of most histologists, that the capillaries 
leading from the Malpighian bodies are of a smaller diameter than the 
vessels constituting the bodies themselves ; hence it follows from the 
laws of hydraulics that there must be a greater pressure against the 
walls of the latter, by which means, according to Ludwig, the water 
passes through them, and the true urinary constituents are introduced 
into th*b “ tubuli uriniferi.” The collected urinary fluid, which is so 
rich in water, is further impelled through the “ canalicula contorta” by 
the fluid which is subsequently exuded frmn the blood ; here, however, 
these small vessels are surrounded by a network of vessels originating in 
the “vasa efferentia,” and here an •endosipotio interchange seems so far 
probable, that the more, concentrated blood of the different vessels is 
necessarily brought into contact with the thin urinary solution, from 
which it again abstracts water, and thus leaves the urine more concen- 
trated. 

Ludwig advances the following grounds, in addition to the anatomical 
arrangement of the kidneys, in support of this view. According to him, 
his view explains why the urine never exceeds a certain degree of con- 
epntration ; why a rapidly secreted unno is in general very much diluted, 
whilst urine which is more slowly secreted, is generally more concentra- 
ted ; why the amount of urine increases as the quantity of the excretory 
matters of the blood is augmented ; and finally, why no more fluid 
passes from the Iddneys, after the solid constituents of the urine have 
been excreted iq, th^. kidney. 

As Ludwig's whole theory rests essentially on the difference in the 
pressures of the bldod, he has directed his attention to the more 
thorough elucidatiohtpf the influence of this relation upon the urinary 
secretion. Whikt. ltmvulf endeavored, under his direction, to ascertain 
the influence of the .character of the blood, especially its amount of 
water, doll” made ihe mechanical question the subject of a series of very 

> H»iidwSi%b. d. Physiol. Bd. 2, S. 637-040. 

> Ueber 4. JlinflusB des Blutdruoks auf. d. Hamabsonderimg. Inaug.-Abd. der. med. 
Fao. lu Ziirtch'Vdtgel. lB53o 
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admirable observations. From his labors we may conclude with cer- 
tainty, that the lateral pressure in the arterial system of the kidneys 
exerts a very important influence on the urinary secretion. Thus, for 
instance, on irritation of the nervi vagi, as well as when the vascular 
system is deficient in blood, that is to say, during conditions in which 
the tension in the arterial system is diminished, the urinary secretion 
was found to be very considerably diminished, whilst this secretion was 
greatly augmented during an increased tension of t^e blood in the 
arterial system, when this Condition was induced by the tying of some 
of the larger arteries. It was further shown, that in addition to this 
well-attested influence of the pressure of the blood, other causes exerted 
a modifying action on the amount of the secretion. But as it was 
further proved, that even where the constitution and pressure of the 
blood were the same, the excretion of urine from the two kidneys was 
never parallel (for either the right or the left kidney secreted more than 
the other), other relations, as for instance, the influence of the kidneys 
upon the contractile fibres of the renal tissue, and the yet unknown re- 
lations of the constituents of the blood to the permeability of the walls 
of the bloodvessels and urinary canals, will still have to be taken into 
consideration. 

It is obvious from the above remarks, that the composition of the urine 
in certain physiological and pathological conditions can only be correctly 
determined when the quantities of the urinary constituents daily secreted 
by the kidneys cS,n be compared together. We will, therefore, in the 
first place give the quantitative relations which occur under different 
conditions in the collective urine which has been secreted within definite 
periods of time. 

Lecanu* found that sixteen, persofis of different ages and sexes, but 
who all received a due supply of mixed food^ passed in twenty-four 
hours from 525 to 2271 grammes of urine ; while Becquerel found that 
the mean daily quantity passed by four men was 1267*8 grammes, whilst 
that by four women was 1371*7 grammes. Chambert, who made twenty- 
four observations on men between the ages of twenty and twenty-five 
years, found that the daily qifantity of urine varied from 685 to 1690 
grammes. In experiments which -^^ere, for the most part, made in the 
summer, I discharged, during a fortnight’s strictly regulated diet, from 
898 to 1448 OTammes of urine daily ; during twelve days, on which I 
lived exclusivmy on animal food, from 979 to 1384 grammes ; and during 
a twelve days’ course of vegetable diet, from 720 to 1212 grammes. 

Winter found that three youths discharged respectively the average 
quantities of 1672, 1702, and 1933 c. c. of urine in 24 hours, the ex- 
tremes being 910 and 3340 c. c. 

Scherer found that a child, aged three^ years and a half, discharged 
755 grammes; a boy, aged seven years, 1077 grammes; a 'man aged 
twenty-two years, 2156 grammes ; and a man, aged thirty-eight years, 
1764 grammes in 24 hours. . 

Now if we reduce these and certain other determinations to the weight 
of the body as a standard, it follows from Winter’s experiments, that a 
man for every kilogramme’s weight discharges an average quantity of 

* Jonm. de Pham. T. 25, p. 681 et 746. 
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26*9 grammes of urine (the UMiximum being 46*8, and the minimum 14*0 
grammes). According to Scherer, a child for every kilogramtde’s “weight 
discharges 47*4 grammes, while the corresponding quantity in att adult 
is only 29*5 gramipaes ; furthmr (according to Schmidt*) a cat during an 
abundant fleim-diet (108*755 grammes of fal^y meat) discharges in 24 
hours 91*036 grammes of urine f6r every kilogramme of its weight ; on 
a less abundant flesh-diet (44*118 grammes of mOat) grammes 

of urine ; on 75;988 grammes of mfiaf*7l‘670 grammes of urine ; and on 
46*154 grammes of meat (without any dtink) 26*454 grammes of urine ; 
a kitten which consumed daily 88*769 granjmes of moat, discharged 
60*455 grammes of urine. 

We have already spoken of the dependence of the g^v.antity of water 
which is separated by the kidneys, on the amount of drink that has been 
taken, and on the degree of transpiration. Unfortunately vm have as 
yet no accurate experiments to demonstrate the influence which each of 
these physiological causes exerts on the amount of water that is separated 
by the kidneys. The facts communicated by Julius Vogtel,® who, for 
189 days, weighed all the food and drink that were taken by a person 
on whom ho was experimenting, show how much other influences, besides 
the fluids that have been taken, modify the quantity of water in the 
urine. Whilst on some days scarcely the third part of the fluids that 
had been taken .were carried off by the urine, on other days the 
quantity of the urine equalled that of the drink, or even exceeded it by 
one-twentieth, or oven one-tenth. The largest quantity of water was 
unquestionably discharged by the kidneys after the use of a cold bath ; 
here there was not only suppressed transpiration, but water was absorbed 
from without. 

It appears, from the observations of Ohambert, that shortly after a 
meal, less water, both absolutely and relatively to the solid constituents, 
is separated with the urine. Closely allied to this point is the first of 
the questions propounded by Lecanu, whether, when the kidneys are 
secreting an excess of water after copious drinking, they, at the same 
time, separate an excess of solid oonstituepts ; Lecanu answers this ques- 
tion in the negative, although my own experiments lead to an opposite 
conclusion, as do also those of Cbos?at* and Becquerel. 

This is obviously a question to be settled by bedside experience ; we 
can hardly, no'^ever, agree with Becquerel in believing that it will 
explain the mode of action of 'many diuretics. 

Before proceeding to enumerate the quantities of the Solid consti- 
tuents of tne urine which ore daily secreted, I must not omit %o mention 
the very great differences between the statements of those who have in- 
vestigated this subject. This difference depends only in a Very Slight 
degree on the differenl^ methods of chemical investigation and ealOulation ; 
it is mainly due t<f, the individuality of the diffeaent persons,- We might 
almost say of t^'different nations, on whom the experiments had been 
instituted. On ootijparing the urinary analyses that have been made by 
experimentalists in the tiiree great nations, we perceive that^ generally 

^ VerdanvngBSttfte und StolFweeliseL S. 804. ^ 

^ * Wagner's Physiol., S. 264 [or English WanshrtlQSi, p. 421]. 

s Journo de PhyidoL X. 6, p. 65. 
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speaking, far the least solid constituents are found in the urine of the 
French, and that they are especially deficient in urea and uric add, that 
the Germans very far exceed the French in these respects, Vhile again 
the English pass even larcer quantities tlwn the Germans. One of the 
principal grounds of this differenee is, no doubt, to be sought in the dif- 
ference of diet, and in the varied modes of life of the three nationb. It 
is well known that the French take very little animal food, and live 
generally with great moderation, ’>rhile the English use highly seasoned 
animal food so abundantly that Frout^ not unfrequently met with sped- 
mens of urine from which nitrate of- urea at once crystallized on the 
addition of nitric acid, a cireumstance that would hardly occur to a 
genuine German urine, to say nothing of French specimens. From 
statistical data it appears that any given number of Londoners eat six 
times as much animal food as an equal number of Parisians. Besides 
the nature of the food, there are doubtless other, although probably less 
influential causes for such differences, as, for instance, the general mode 
of life in other respects, the climate, &c. 

With regard to the nolid constituenU which are daily separated with 
the urine, the following are the final results obtained from several series 
of experiments : Becquerel found (from experiments on four men and 
four women) that 39*52 grammes of solid matter are, on an average, 
secreted daily by the kidneys of men, and 34*31 grammes by those of 
women. While living on a mixed diet, I discharged, on an ai^erage, 
67*82 grammes ih twenty-four hours ; on an exclusively anim^ diet, 
87*44 grammes ; on a vegetable diet, 69*235 grammes ; and on non- 
nitrogenous foQd, 41*68 grammes. Lecanu found that men secreted far 
more solid matters by the kidneys than women, old men far less than 
women, children eight years old mord than old men but less than women, 
and lastly, children four years old even less than old men. According 
to Scherer’s* determinations, a child, aged three years and a half, ex- 
creted in twenty-four hours 26*13 grammes of solid matter with the 
urine ; a boy, aged seven years, 32*40 grammes ; a man aged twenty- 
two years 47*97 grammes ; a man aged thirty-eight yeaws 71*23 grammes ; 
and an insane patient, aged fifty years, who was starving himself, 23*69 
grammes. ^ * 

It is obviously to be expected, that the quantities of solid constituents 
which are separated by the kidneys should be very variable. Thus it 
is manifest, that whenever the metamorphosis of matter is more active 
than usual, and after the expenditure of bodily force, or an abundant 
supply of food (especially nitrogenous matters), and in certain diseases 
associated with a considerable wasting of certain organs^the quantity of 
the mattes excreted with the urine will be consideraWy augmented, with- 
out refereinoe to the excretion of water. But further investigations are 
still required to elucidate scientifically the relations of dependence of 
the quantity of ...those substances on their original oonditiotis, and moec 
espouially on the. simultaneous physical and chemical constitution of the 
blood. The cases, are iar more frequent in which there is a dhninutton 

’ [We are not aware ihatProui has described axiy oases in which he has seen healthy 
urine undergo this cha]ig6«~a. a* P.l 

’ Verhandl. d. phjs.-med. Gee. su Whrcburg* Bd. 8, S. 280--290* 
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in the excretion of solid matters through the urine, as for instance in 
those diseases in which the metamorphosis of matter is either partially 
or generally altered. It is, therefore, in the latter cases especially that 
more frequent opportunities have presented themselves of gaining a more 
intimate knowledge of these conditions, and' their direct and indirect 
effects. Thus, for instance, it has been generally found that in Bright’s 
disease, the normal constituents decrease to an ' extraordinary degree, 
which may be readily explained by the-loss of unchanged nutrient matters 
(albumen in this disease). As soon, however, as a more active meta- 
morphosis of matter is induced by the occurrence of febrile excitement 
or an inflammatory process, the constituents of the urine are again ex- 
creted in the normal, or in an increased quantity, while there is at the 
same time a diminution of the albumen (Scherer).* As we observe in 
Bright’s disease, so also we learn from direct experiments, that after 
the artificial augmentation of the salts of the bloody the normal consti- 
tuents of the urine are considerably diminished. 

Wo may hero add a few remarks on the recent investigations which 
have been made ‘regarding the quantity of urea that is secreted under 
different conditions. According to Scherer’s observations, a child ex- 
cretes 0*810 of a gramme in twenty-four hours for every kilogramme of 
its weight, and an adult only 0*420 of a gramme ; while, according to 
Schmidt, a cat when eating daily 108*755 grammes of fat meat, ex- 
cretes^7*663 grammes of urea for every kilogramme of its weight ; when 
taking 44*118 grammes of meat 2*958 grammes of urea ; when taking 
75*938 grammes of meat 5*152 grammes of urea ; and when taking 
46*154 grammes of meat 3*050 grammes^f urea. Hence a cat living 
on a flesh-diet forma '|i,nd separates by the kidneys on an average 6*8 
parts of urea for every' 100 parts df flesh^which it consumes. • If all the 
nitrogen of the food wsere separated as urea, rather more urea would 
of necessity be excreted than corresponds to the above mean numbers. 
For 100 parts of flesh contain, according to Schmidt’s analyses, 22*83 
parts of muscular substance and tendSn ; and 100 grammes of albumi- 
nates -f collagen 16*11 of nitrogen (with 53*01 of carbon, 7*02 of 
hydrogen, 22*86 of oxygen, and 1*00 of sulphur) ; hence these 100 
parts of nitrogenous matters must yield^ 34*52 parts of urea (which 
contain 16*11 of nitrogen). Hence 100 parts of flesh (corresponding 
to 22*83 of albuminates -f collagen) yield according to this calculation 
7*88 parts of urea. A cat during eighteen days’ inanition excreted on 
an average 2*11 grammes of urea in twenty-four hours for every kilo- 
gramme’s weight. i. 

With regardeto the extractive matters Scherer found that a child aged 
three years and a half, excreted in twenty-four hours (when living on a 
mixed diet) 2*17 gi^ommes of extractive matters ; a boy, aged seven 
years, 3*88 ^rahmaes ; a man, aged twenty-twp, 24*835 grammes ; a 
man, aged thirty-mght years, 20*484 grammes ; and an insane patient, 
aged fifty years, who was starving himself, 10*59 grammes. ' 

The fxed ^Us discharged with the urine in twenty-four hours, were 
determined Jby Scherer as follows : in the child, at 10*98 grammes ; in 

\ Pathologische Untersuefaungen. 
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the boy, at 10’28 grammes ; in the young man, at 23'627' grammes ; in 
the middle-aged man, at 29*919 ; and in the man who was starving 
himself, at only 3*62 grammes. 

In addition to what has been ah-eady remarked regarding the indi- 
vidual amounts of the various organic matters, we have only to add, that 
according to the recent investigations of Hegar, Gruner, and Winter, 
an adult man excretes jn twenty-four hours for every kilogramme of his 
weight 0*064 of a gramme of poollphoric acid (the extremes being 0*096 
and 0*043 of a gramme); and 0*082 of a gramme of sulphuric acid. 
According to Schmidt’s investigations, a cat when living on 108*7 
grammes of flesh excreted 0*267 of a gramme of sulphuric acid for 
every kilogramme of its weight ; when living on 44*12 grammes of flesh, 
0*106 of a gramme ; when living on 46*15 grammes of flesh, 0*084 of a 
gramme ; and when living on 76 grammes of flesh, 0*078 of a gramme. 

We have already spoken, in the first volume, of the proportions in 
which the most important of the solid constituents of the urine stand to 
one another, as well as of the quantities which are daily secreted. (See 
vol. i. p. 150, for urea ; p. 192, for uric acid ; and p. 179, fSr hippuric acid.) 

According to Becquerel, the daily amount of extractive maUens (that 
is to say, of the organic matters exclusively of the urea and uric acid) 
averages 11*738 grammes in men, and 9*655 grammes in women; while 
living on a mixed diet, the quantity of these matters which I daily 
secreted, amounted to about 13 grammes. , 

The quantity of the fixed salts varies extraordinarily in different 
persons, living different modes of life. The following are the daily 
quantities of fixed salts which •ere discharged in the specimens of urine 
analyzed by Lecauu — , ' 


In men, 

In women, . 

In children, 

In aged persons, 


The average. Fluctuations between 

16*88 grammes. 1^96 and 24*60 grammes. 

14*38 “ 1028 “ 19*63 

10*06 “ 991 » 10*92 

J|*06 “ 4*84 “ 9*78 


According to Becquerel, the mean quantity of fixed salts daily secreted 
by the kidneys in men is 9*751 grammes, and in women 8*426 grammes; 
while Chambert, from analyses of the urine of twenty-four young men, 
fixed it at 14*854 grammes, its limits being 23*636 and 6-^93 gi*ammes. 
In my own urine, I found that while living on a mixed diet, the average 
quantity was 15*245 grammes, the extremes being 17*284 and 9*652 
grammes. 

Lecanu found that the quantities of phosphate of lime which are daiily 
given off by the kidneys varied between 0!‘029 of a granwne and 1*960 
grammes. I have never observed such great fluctuations either in my 
own urine, or in that of other healthy persons, during an ordinary or 
even an exclusively animal or vegetable diet. The influence Of the food 
upon the quantity of earthy phosphates in the urine is, however, un- 
deniable ; while, living on a purely animal diet, I found that my urine 
contained nearly three times as much earthy phosphates as when living 
on a mixed diet. The urine of young children, like the allantoic fluid 
of calves, contains only very small quantities of phosphates, but a com- 
paratively large amount of sulphates. It is probably for some similar 

VOL. II. 11 . 
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physiological reason that pregnant women secrete far less phosphate of 
lime with the urine than non-pregnant ones, — a fact that has been pre- 
viously mentioned. 

These few illustrations are sufficient to indicate the numerous condi- 
tions on which the quantities of the urinary constituents and their various 
proportions to one another are dependent, and to show the caution we 
should exercise in forming an opinion on the na^ture of a specimen of 
urine or in drawing any conclusions oh the point, unless we have numer- 
ous analyses of different urines collected under similar conditions. 

The next point which it is necessary for us to ncrtico is the difference 
in the urine in the two sexes. From the experiments of Lecanu and 
Becquerel, to which we have already alluded, it appears that the chief 
difference is, that the urine of women contains more water and less urea 
and salts, even in relation to the other solid constituents ; that is to say, 
women discharge absolutely more water and far less urea and salts than 
men, while the quantity of uric acid appears to be about the same in 
both sexes. 

The urine of women in a state of pregnancy presents certain marked 
peculiarities, of which the most distinguishing, namely, the formation of 
the substance called kycstcin, has been already noticed in p. 186. 
Becquerel found that the specific gravity during pregnancy never ex- 
ceeded 1*011. According to Lubanski,^ such urine contains less than the 
ordin^vry quantity of free acid, and is frequently neutral or even alkaline: 
as far as my own experience goes, it is, however, always acid when 
freshly passed, if the women are in good health, but during the latter 
months of pregnancy it very readily Mscomes alkaline, since it then 
generally becomes mqrc aqueous. Wo have already alluded to the rela- 
tive and absolute diminution of the phorphate of lime in the urine of 
pregnant women. 

We are indebted to Lecanu for most of our knowledge regarding 
the influence which, the different pcriWa of life GXQrt on the constitution 
and the quantitative relations of the urine. It appears generally from 
his observations, that men in the vigor of early adult life, when the me- 
tamorphosis of tissue is proceeding most actively, secrete the largest 
quantity of solid constituents with ,the urine ; that women secrete some- 
what less, an^ children and aged persons still smaller quantities. The 
period of life appears to exert no influence on the quantities of the uric 
acid and of the salts. F^om certain experiments, it would appear that 
the urine of very young children contains relatively mqre hippuric 
ac4<l and far less phosphate of lime than the urine in more advanced life. 

Of all the physiological conditions, the food is unquestionably that 
which exerts the most marked influence on the constitution of the urine. 
We have already spoken, in various parts of this work, of the influence 
which special si^tances contained in the food exert on the acid or 
alkaline reactioh^of the urine, and on some of its constituents. In the 
prolonged series of experiments, to which I have often alluded, I have at- 
tempted to ascertain the influence which varieties of dietl^animal, vegetable, 
and non-nitrogenous) exert on the character of the urine generally, and 
on its special quantitative relations. The most essential results may be 

' A^n. d’Obstetr. &c. 1642, p. 235. 
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seen at a glance in tbe following tabular arrangement. While living on 
a mixed diet and adliering as closely as possible to the same dietetic 
conditions, I made the analysis of the collected urine ; while living on a 
purely animal diet (almost exclusively on eggs), I made twelve observa- 
tions, and a similar number while living on a purely vegetable diet ; and 
while living on a perfectly non-nitrogenous food (fat, milk-sugar, and 
starch) I made two analyses ; and Independently of the variable quantities 
of water, the following were the mean quantities (in grammes) of the 
other substances which were discharged in the twenty-four hours’ urine : 



Solid 

coiiiditueiitB. 



Extractive 


Urea. 

Uric acid. 

inuitera and 
BUltS. 

On mixed diet, .... 

67-82 

S2.408 

1*183 

12*746 

On an animal diet, . . 

87*44 

! 58*198 

1-478 

7*312 

On a vegetable diet, . . 

! 59’24 

22*481 

1*021 

19168 

On a non-nitrogenous diet. 

41 -68 

16 408 

0 786 

17*180 


From those researches we may draw the following general conclusions: 
(1.) The solid constituents of the urine arc very much increased by 
animal food, while they are considerably diminished by a vegetable diet, 
and still more so by a non-nitrogenous one. 

(2.) Although the urea is a product of the effete and decomposed 
tissues of the animal organism, the quantity in which it occurs in the 
urine depends in part upon the nature of the food that has been faken ; 
during a highly nitrogenous animal ,diet, the quantity of urea is abso- 
lutely increased, while, on a j^cgetablc as well as on a positively non- 
nitrogenous diet, it is absolutely diminished. Moreover, the relative 
quantity of urea, as compared with the other st^id constituents of the 
urine, increases, or diminishes’ wdth the nature pf the food. During a 
mixed diet, I found that in my own urine the ratio of the urea to the 
other solid constituents, was as 100 : 116 ; during an animal diet, as 
100 : 63 ; during a vegetable diet, as 100 : 150; and during a non-nitro- 
genous diet, as 100 : 170. , 

(3.) The quantity of uric acid in the urine depends much more on 
other conditions, and possibly on other substances introduced into the 
organism, than on any peculiarity*of diet. The differences observed 
during these observations were too small to allow of our concluding that 
the nature of the food exerted any essential influence on the formation 
of uric acid. * 

(4.) WheW the protein-compounds, and, consequently, the nitrogeq of 
the animal’food, are absorbed in excess in the intestinal canal, that por- 
tion of them which is not applied to the reproduction of the consumed 
tissues, undergoes metamorphosis, and, at last, is again rapidly separated 
by the kidneys in the form of urea and uric acid. It is only through 
the kidneys that the animal organism gets rid of any excess of nitrogen 
which may be absorbed. 

(5.) The sulphates and phosphates which are discharged correspond 
very nearly in quantity with the nitrogenous matter that has been 
taken, that is to say, with the protein-compounds, which contain sulphur 
and phosphorus ; after the almost exclusive use of protein-compounds, 
the quantity of these salts in the urine is considerably increased. 

(6.) It follows from these propositions, that the other organic consti- 
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tuents of the urine, that is to say, the extractive matters, must he very 
much diminished during an animal diet ; we find, from our investigations, 
that after the use of vegetable food, there is an absolute (not a mere rela- 
tive) augmentation of such substance— a proof that vegetable foo,d 
contributes largely to the formation of the extractive matters of the 
urine. Further, after the use of animal food, the physical properties of 
the urine precisely resemble those of this secretion in the carnivora ; 
that is to say, the secretion is of a very light amber-yellow tint or almost 
straw-colored, has a strong acid reaction, and appears either to contain 
no lactic acid, or only a very small quantity, while, according to 
Liebig’s experiments, it also appears to be perfectly devoid of hippuric 
acid. On the other hand, after a course of vegetable diet, a very great 
portion of the free acid is lost, and during a non-nitrogenous diet it 
altogether disappears ; it contains a larger amount of dark-colored 
extractive matter, and hence is of a brownish-red tint ; it is also some- 
what turbid, from the separation of earthy phosphates, or at all events, 
readily becomes so on boiling ; it almost always contains alkaline 
lactates, with oxalate of lime ; according to Liebig, it is tolerably rich 
in benzoic acid ; as is obvious, from the preceding table, I have never 
found the uric acid completely absent. 

The •influence of indigestible or highly seasoned food, of alcoholic 
drinks, ^c., on the augmentation of the uric acid in the urine, has been 
already noticed in ypl. i. p. 194. 

The fact that, after prolonged fasting, the urine becomes strongly 
acid, and poor in solid constituents, but that it always contains some 
urea, has been already mentioned, and isHn part numerically demonstra- 
ted in vol. i, p. 151. 

It follows, from my own and Simon’s., experiments,’ that after violent 
bodily exercise far less water is separated by the kidneys, but that the 
quantities of free acid, of urea, of phosphate^and of sulphates, in the 
twenty-four hours’ urine, are increased, while Inose of the uric acid and 
of the extractive matters arc diminished. 

It is scarcely hecessary to mention that the quantity of water sepa- 
rated by the kidneys must be influenced by the season of the year, the 
climate, and the atmospheric temperature; for the most superficial 
observer can, notice this m his own person. Julius Vogel has, however, 
definitely proved it, by weighing daily for six months the urine that was 
discharged by the same^individual. I believe that my experiments 
(noticed in vol. i. p. 198]f completely overthrow the opiuicni mauitained 
ny Fourcroy, Marcet, and Schultens, that prolonged sweat^g increases 
the quantity uric acid in the urine. 

The urine first passed after the night’s rest, the urina sanguinis, is, 

as is well- known, of greater density, a darker color, and a somewhat 

stronger acid reae^on, than that which is passed during the day. The 

quantities of imi'ihoming urine vary^ith the amount of drink that has 

been taken before retiring to rest. Independently of the smaller 

quantity of water which it contains, I can detect no difference in the 

ratio of its constituents to one another.jn The nature of the food exerts 

a certain amount of influence on the morning urine ; at all events, while 
♦ 

‘ [We may also ref^tbe reader to Percy’s experiments on this point, recorded in p. 
369 of the second volume of the translation of Simon’s Animal Chemistry.— o. e. d.] 
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living on animal food, I found it comparatively even more concentrated 
than the urine passed during the day ; even after living for only a single 
day on purely animal food, I found that on the addition of nitric acid 

the urine passed on the following morning, nitrate of urea was at 
once separated. 

Another kind of urine, that, namely, of digettion, or the urina ehtfU, 
was formerly regarded as a distinct variety, to which much weight was 
attached ; in those who do not drink much at, or after, their meals, it is 
somewhat denser and more colored than that which is passed at other 
periods of the day ; it is, however, not so colored or so dense as the 
morning urine. 

Chambert’s experiments, which appear to have been very carefully 
conducted, do not altogether coincide with my own : the differences are, 
however, such as may be readily explained by surrounding circumstances. 
Chambert invariably found the urine of digestion denser and richer in 
salts than the morning urine ; the greater or lesser transpiration during 
sleep, and the varying amount of drink taken at meal-time, afford the 
simplest clue to these differences. Moreover, Chambert found that the 
inorganic constituents of the urine stand in a direct proportion' to the 
quantity of salts taken in the food. ■* 

In the twenty-four hours’ urine Chambert found on an average l-3024g 
of salts, in the urine of digestion 1'6894§, and in the urine discharged 
between waking and breakfast 0’9332g, while in .the urine soon after 
drink had been taken, the maximum was only 0'2113g. 

In animals, at all events, in the mammalia, the influence of the food 
is reflected in the constitution of the urine. We will now proceed to 
notice the urine of animals, classifyii^ them according to the nature of 
their food. . 

Unfortunately, our knowledge of the urine of the omnivora is con- 
fined to that of man and fhe pig. The urine of tlie latter animal has 
been examined by Boultengault* and Von Bibra;* it is perfectly clear, 
almost devoid of odor, distinctly alkaline, effervesces with acids, and be- 
comes turbid on boiling, which converts the earthy*bioarbonate8 into 
simple carbonates, which, consequently, become precipitated ; it does 
not contain ammonia ; neither Boussipgault nor Von Bibra could discover 
either uric, or hippuric, acid in it ; but Boussingault has^hown that in 
all probability it contains alkaline lactates. Phosphates occur only in 
very small quantity in it, but sulphates a^d chlorides are tolerably 
abundant. The specimens of pigs’ urine examined by these chemists 
contained from 1‘804 to 2‘086g of solid constituents, in which from 0*29 
to 0"49 were urea. 

The urine of carnivorom animaU differs only slightly from that of 
man ; when freshly passed, it is of a light yellow color, of a disagreeable 
odor, a nauseous bitter taste, and an acid reaction ; it. very soon, how- 
ever, becomes alkaline. Vauquelin,® Graelin, Hiinefel^tand especially 
Hieronymi,^ have examined the urine of lions, tigers, leopards, panthers, 
hymnas, dogs, wolves, and bears. Urea is present in the urine of these 

* Attn, de Chim. ct de Phjs. 8 86r. T. 16, p. 97-104. 

* Ann. d. Ch. u. Pharm. Bd. 68, S. 98-112. 

* Ann. de Chim. T. 82, p. 174. « Jahrb. d. Ch. u. PhyB. Bd. 3, S. 822. 
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animals in large quantities, and may be separated in a state of great 
purity, since only little pigment is present: uric acid is only present in 
it in very small quantity ; Lanflercr,* however, found Ig of uric acid in 
the urine of the hedgehog (Erinaccus europaeus). 

The urine of the herhivora is very dilFerent from that of the carni- 
vorous animals and of man. This secretion has been examined in the 
case of elephants, rhinoceroses, camels, horses, oxen, goats, beavers, 
rabbits, hares, and guinea-pigs ; it is generally of a yellowish color, very 
turbid, of an offensive odor, and is always alkaline ; it certainly re- 
sembles the urine of the carnivora in often containing much urea, but it 
differs from the latter in containing a considerable amount of alkaline 
and earthy carbonates, and of a fatty and odorous matter, in the perfect 
absence of uric acid, and in its extremely small quantity of earthy phos- 
phates. According to Boussingault, lactates are always present. 

The urine of the hone has been more carefully studied (by several 
chemists) than that of any other animal of this class ; like that of man, 
it varies with the nature of the food; when freshly passed, it is usually 
turbid and of a pale yellow color, but on exposure to the air it very soon 
assumes a dark-brown tint; in the course of my experiments I have 
sometimes found it tolerably®c1ear, and it then had a strong alkaline re- 
action ; besides alkaline bicarbonates, it contains in solution a very little 
of the bicarbonates of lime and magnesia, which separate from the fluid 
on boiling ; it often, however, has a faintly acid reaction, and then wc 
have true urinn jumentom, from the deposition of earthy carbonates. 
Bibra often found great and altogether unaccountable differences in the 
urine of horses fed in precisely the same manner. The potash in this 
urine naturally preponderates considerably over the soda. In the sedi- 
ment of horses’ urine I have alw.ays found the most beautiful crystals of 
oxalate of lime in very considerable quantities. Bibra, however, in ex- 
amining the sediment of a horse’s urine, found* also .1 special organic sub- 
stance, which he could not accurately cxaminilf in addition to the car- 
bonates of lime and magnesia. Attempts have been made to explain the 
occasional presence of benzoic acid, which is assumed sometimes to take 
the place of hippuric acid in horses’ urine under certain physiological, 
or pathological, , conditions ; it is, hqwever, I believe, now established be- 
yond all doubjt that the view originally supported by Liebig, regarding 
the frequent occurrence of benzoic acid in the urine of horses, is correct 
(see vol. i. jS. 84). In the urine of diseased horses I have likewise 
always found hippuric add, if it was examined while still fresh. No 
traces of the salts of ammonia can be detected in horses’ uritfe. Some- 
times in examifxing horses’ urine we find that in place of hippuric acid 
there is a nitrogenous, uncrystallizable, resinous matter, which has not 
yet been accurately examined. (0. Schmidt.) 

In the urine ^ a diseased horse I found so large a quantity of lactate 
of potash, that »^fhe” lactic acid could be combined with lime, magnesia, 
and oxide of zinc, and could be recognized with certainty by its salts. 

It stands to reason that the characters of the urine must vary ex- 
tremely during the diseases of animals. I extract, by way of illustra- 
tion, the following examples from my note-books. A very lean, badly 

• Arch. f. Ch. u. Mikros. Bd. 3, 8. 290. 
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conditioned Wallachian horse, fourteen years old, had suffered for a 
week from pneumonia of the right side ; the urine was of a very pale- 
yellow color and scarcely at ail turbid^ it was viscid and somewhat 
ropy, was strongly alkaline, but did not effervesce on the addition of 
acids ; it remained yellow on evaporation, contained only very little hip- 
puric acid, &c. Another Wallachian horse, thirteen years old, was suf- 
fering from acute glanders ; it was fed, as was the horse in the previous 
case, upon bran, hay, and straw; the urine was of a well-marked red- 
dish-brown color, was faintly alkaline, and contained a very considerable 
sediment of the carbonates of lime and magnesia ; the fluid, after the 
removal of the sediment by filtration effervesced strongly with acids, 
became of a reddish-brown and almost of a black color on evaporation, 
contained a large quantity of liippuric acid, &c. A very powerful ca- 
valry horse, seven years old, and fed upon bay, oats, and straw, passed 
a brownish-yellow, very alkaline urine, which contained only a small 
amount of earthy carbonates ; the same horse, when fed upon oats and 
straw, without hay, discharged urine which was very turbid from the 
presence of earthy carbonates, whose reaction was scarcely alkaline, and 
which, when filtered, did not effervesce with acids. 

The iirinc of cattle has been frequently analyzed by Boussingault and 
v. Bibra. On examining it shortly after its discharge, I have always 
found it clear, of a bitter taste, a pale-yellow color, and with a strong 
alkaline reaction : it contains much sulphate and bicarbonate of jsotash 
and magnesia, but very little lime ; according to Boussingault, it con- 
tains no phosphates, very little chloride of sodium, but on the other 
hand, a large amount of lactate of potash ; according to v. Bibra, the 
quantities of urea and hippurate of potash arc liable to great variations, 
even tvlien the feeding and o,xtern^ conditions remain unchanged. I 
have always found oxalate of lime in the sediment, but, like Boussin- 
gault, I have never been able to detect ainraoniacal salts in the fresh 
urine of oxen. This uttne generally contains from 8 to 0J{ of solid con- 
stituents, of which from 1*8 to are urea. The hippuric acid varied, 
according to v. Bibra, from O’Od to l*20g. Bousoingault found free 
carbonic acid gas in it, in addition to alkaline bicarbonates. 

The urine o/ calvea differs very much from that of cattle, and approxi- 
mates more in its composition to *the allantoic fluid bf the foetus. It 
appears from the investigations of Braconnot and WShlor,* that the 
urine of calves, as long as they are sucking or are fed on milk, is almost 
colorless, clear, devoid, of odor, of very little taste, and with a strong 
acid reaction, which it does not lose even on evaporation. Wohler’s 
discovery, that allantoino is the principal organic cojistituent of this 
urine, has been already noticed in p. 162 of the first volume. Accord- 
ing to *W6hler, it appears, further, to contain li^ea and likewise uric 
acid, in the same proportions as they occur in normal human urine ; 
hippuric acid, on the other hand, cannot be discovered in it. In con- 
tains a very considerable amount of phosphate of magnesia and of the 
potash salts, but only very small quantities of the phosphates, sulphates, 
and soda salts. Braconnot also found in calves’ urine an organic matter 

' '■'V 

‘ Nacbr. d. k. Gesellsch. d. Wiss> zu Quttingen. 1849. No. 5, S. Cl-Cl. 
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wliicli was soluble in alcobol, precipitable by tannic acid, dissolved on 
boiling, but again separated on cooling. Lastly, this secretion does not 
contain even Ig of solid conftituents; according to Braconnot, they 
amount to 0*628. 

The allantoie fluid of the foetal calf has, as yet, only been carefully 
analyzed by Lassigne from his observations, it seems to possess pre- 
cisely the same properties and the same composition as the urine of the 
calf, while still living on milk. 

We have already mentioned that the urine of rahbitt^ as well probably, 
as that of other herbivorous animals, becomes acid, and assumes almost 
all the properties of the urine of the carnivora, when these creatures 
have been kept fasting for a long time, or have been compelled to digest 
animal food. 

Hyraceum appears, from Reichel’s analysis, to be at all events very 
much mixed with the urine of the animal (Hyrax capensis) : but from a 
microscopical and chemical examination, to which I exposed a specimen 
of this substance, whose therapeutic value was to be tested, I convinced 
myself that it consists solely of the solid excrement of this creature ; I 
found in it the remains of plants and vegetable fibres, together with 
isolated prosenchyma cells and spiral vessels, which rendered it more 
than probable that the vegetable matters had passed through the intes- 
tine, and were not either accidentally or intentionally superadded after 
its discharge ; it was only on the outer surface that fragments of the 
skeletons of insects coufd be detected, stamped, as it were, upon it : in 
addition to a very large amount of resinous matters and carbolic acid, 
this mass undoubtedly contained biliary matter ; but no urea, or uric, 
or hippuric acid could be discovered. 

The urine of birds^ which for the most part forms a whitish invest- 
ment to the solid excrements of these a 4 )imal 3 , consists essentially of 
urates, and especially of the bi-urates of ammonia and lime ; Coindet 
maintains that he has found urea in birds’ urine.' 

The urine of serpents, which is often discharged independently of the 
solid excrement, isc at first pulpy, but soon becomes solid and dry ; it 
consists for the most part of alkaline bi-urates, a little urea, and earthy 

of frogs is fluid ; it contains urea ; chloride of sodium, and a 
little phosphate of lime. 

The urine of tortoises has been examined by Magnus, Marchand, and 
myself. (See vol. i. pp. 179 and 193.) I found the urine of Testudo 
grseca to possess the following properties and composition : . when the 
animals had taktsn no food for a long period, they discharged (when 
lying on their backs) a very pale yellowish-green clear urine, with a dis- 
tinctly acid reaction on cooling, it deposited a white sediment, which 
rediasolved on the. application of heat; when they had not fasted for 
a long time previously, they discharged a neutral or faintly alkaline, 
tolerably 'clear urine, which exhibited no turbidity on cooling. The 
spontaneous sediment dissolves only partly in boiling water, the bi-urates 
of* ammonia and lime remaining undissolved, while the bi-urate of soda 
dissolved. Th^ presence of hippuric acid could always be detected with 
* Xaa. 4e Cltim. et de Pfays. 1 S^r. T. 17, p 801. 
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great facility in the urine of these animals by either of the methods 
described in vol. i. p. 178. 

Besides urea and the above-named substances, I also found a crystal- 
lizablc organic matter, that was insoluble in absolute alcohol, but dis- 
solved in alcohol of 82g ; but in consequence of the small quantity in 
which it occurred, I could not minutely investigate it. Fat was always 
present in appreciable quantity. The acid sedimentary urine contained 
from 3-014 to 3*584g of solid constituents ; the average amount of the 
ash of the solid residue was 62*6g ; when burnt white, it contoined no 
carbonates, but only phosphates and sulphates with chlorides ; it further 
contained more potash than soda compounds. * 

The excrements of insects consist, for the most part, of the remains 
of the tissues which have served them for food, but they also contain 
materials which are nowhere else found than in true urine, even when 
no definite organ for the elaboration of this secretion can bo detected in 
them. 

It has long been known that the red excrements of hutterflics contain 
a very large amount of alkaline urates, and the fact has been recently 
confirmed by Heller. I have found that the intestinal contents nf but- 
terflies that have been sucking honey often contain free uric acid in very 
beautiful crystals. The red pigment of the excrement is an oily body, 
which, when placed in w'ater, separates in minute drops ; in addition to 
these substances, a little phosphate and oxalate of lime arc also present 
in these excrements. * 

In the excrements of caterpillars, vegetable fibre is naturally the pre- 
ponderating constituent, but they also contain large quantities of chloro- 
pbyllc and starch ; the latter is found not only in the globular form, but 
also in the peculiar baton-like, shape? in which it occurs in the Euphor- 
biacem. These excrements are especially rich i» oxalate of lime, which 
is not produced directly from the ingesta ; for I have found them in the 
biliary tubes of caterpillars. Although the intestinal jtiices and the 
contents of the stomach of caterpillars have always a very strong alka- 
line reaction, the excrements are for the most part neutral, and indeed 
sometimes have an acid reaction. In the latter case, we often find that 
they contain very beautiful crystals of uric acid ; the uric acid, however, 
generally only appears in very small quantity in the excrements of 
caterpillars. Different parts of plants, as, for instance, the spiral 
vessels, may be very distinctly observed in these excrement.s, which are 
BO poor in nitrogen that, as an average of three analyses, I found only 
0’862}j of this element in the matters discharged by the silkworm, while 
the leaves of Morus nigra contained 4*5608. 

Wo have already spoken, in vol. i. p. 160, of the occurrence of gua- 
nine in excrements of spiders. Seeing that this substance is present 
here as well as in guano, it is not improbable that guanine may also 
occur in the excrements of birds and in those of most insects, especially 
since the researches of Will and Gorup-Besanez’ have rendered it pro- 
bable that this substance is also present in the green organ of the craw- 
fish. 

Guano, that much-prized article of commerce, winch is the product of 
‘ Gel. Anzeigen. d. k. bair. Ak. d: Wiss. 1848. S. 825-828. 
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the slow decomposition of the excrements of certain sea-fowl, has been 
very frequently analyzed, and has been found to he very variously com- 
posed according to the place from whence it was obtained ; its principal 
constituents are guanine, urate of ammonia, oxalate of ammonia, phos- 
phate of lime, phosphate of magnesia and ammonia, and oxalate of lime ; 
we likewise find the remains of vegetable substances ; and there is one 
variety which contains the most beautiful siliceous shields of infusoria 
pertaining to the Bacillariae. 

We now proceed to the changes which the urine undergoes in disease ; 
and we will first notice the characters which are impressed upon the se- 
cretion ift/ewer, that is to say, in that group of symptoms which accom- 
pany almost all acute diseases. Febrile urine is generally more deeply 
colored than usual (being of a red or reddish tint) has a stronger odor, 
a higher specific gravity, and a more decided acid reaction. As long as 
the fever continues, less than the normal quantity of urine is generally 
secreted by the kidneys, and the urine appears concentrated, because 
the diminution of the water of febrile urine is relatively more conside- 
rable that the diminution of the solid constituents. 

The constant characters of such urine are the relative and absolute 
diminution of the inorganic salts, and the obvious augmentation of the 
uric acid or urates. The diminution of the salts was always observed 
by Bccquerel and Simon ; it was the latter chemist who first discovered 
that the loss principally fell on the chloride of sodium. Even when 
febrile urine does not deposit the ordinary sediment of urate of soda, it 
is always absolutely and relatively richer in uric acid than other urine. 
The urea is generally somewhat diminished, as Becquerel first demon- 
strated ; Simon holding the opposite view. The extractive matters are 
usually somewhat increased. Lactic aci/i may very often be detected 
with chemical certainty*, in urine of this nature. 

In contrast to febrile urine Becquerel has distinguished an ancen^ic 
urine. Such urine, which depends upon a deficiency of blood, and oc- 
curs in various forms of debility, contains far less urea and uric acid 
than normal urine*; the diminution of the salts, as compared with the 
quantity usually secreted, is inconsiderable ; the salts are consequently 
increased in relation to the organic matters ; moreover, the extractive 
matters only differ slightly from the physiological average. This variety 
of urine is especially observed after repeated venesections, and in chlo- 
rosis. ; 

If we endeavor to name and distinguish the constitution of the urine 
in individual diseases, in accordance with the present condition of patho- 
logy, and to collect and arrange the results of the numerous investiga- 
tions which have been made on this subject during the last twenty years, 
we are led to the unexpected and discouraging conclusion, that all our 
knowledge regarding it is alike incomplete and obscure. The innu- 
merable analyses of morbid urine have induced many physicians to be- 
lieve thaf the study of the character of the urine in diseases was the most 
complete section of pathological chemistry, — an error which has been pro- 
mulgated, whether consciously or unconsciously, even b^ chemists. Where 
are we to seek fhe reason of a fact at once so mortifying and discourag- 
ing to the pathological chemist ? In reply, it may be answered, that 
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there are several grounds on which we might explain the want of success 
which has so frequently attended the most earnest endeavors of numer- 
ous able inquirers. It has already been frequently noticed, both here 
and elsewhere, that iJie methods employed in these investigations were 
not of such a nature as to justify the establishment of those conclusions 
and general propositions which were deduced from the results of the 
analysis ; in the methodological introduction to the first volume, we drew 
attention to the errors, and the different causes which have given rise to 
these false deductions. A truly scientific examination of the urine is, 
however, associated with numerous obstacles and difficulties, and failure 
may thus frequently attend our efforts, even when all the methods have 
been employed which present themselves for the prosecution of such an 
important investigation. The object of such inquiries is obviously that 
of ascertaining the general properties of the urine and its especial com- 
position in any one definite form of disease ; for the urine, even in health, 
and still more in disease, is of so variable a nature, that in many cases 
it is impossible to determine whether the alterations noticed in its condi- 
tion actually arise from a morbid process, or only from incidental influ- 
ences. If we carefully observe the changes w'hich often occur in the 
urine in the course of the same day, not merely in typhus or any abnor- 
mally developed acute exanthema, but also in inflammations which arc 
running their ordinary course, w e shall clearly see that the urine is 
regulated much more closely in accordance with the transient condition 
of the organism, external influences, and simultaneously manifested 
groups of symptoms, than by the nature of the morbid process. . Thus 
the albumen in the urine in Bright’s disease is considerably diminished, 
and may even almost disappear, if the chronic form of this disease is as- 
sociated with an affection giving risef to inflammatory fever. The urine 
which is so characteristic of this form of disease,* loses almost all its dis- 
tinctive properties, and assumes, both in a qualitative and quantitative 
point of view, the character of inflammatory febrile urine. It appears 
to us, therefore, to be more rational to limit our examination of the com- 
position of the urine to certain morbid conditions and individual groups 
of symptoms, and to compare together the, various analytical results thus 
obtained, instead of attempting to extend similar observations to differ- 
ent forms of disease. This methocf of proceeding is exemplified in the 
numerous analyses of the urine conducted with such extraordinary per- 
severance by Becquerel ; for the results of these admirable observations 
prove less that certain groups of diseases are associated with definite 
alterations in the proportions of the solid constituents, than that most 
diseases are attended by very considerable fluctuationsbin the composi- 
tion of the urine, depending more upon incidental individual phenomena 
than upon any special morbid process. Although the blood may not 
unfrequently undergo more marked changes from secondary causes than 
from any essential, morhid process, it retains a stronger impression of 
these modifications than the urine. This difference may probably depend 
upon the blood preserving the capacity, even in a morbid condition, of 
throwing off effete matters, if not by the kidneys, by some other medium, 
whilst the urine retains everything that may have been incidently gene- 
rated in the blood and conveyed to the kidneys. 

But although these and many other relations may have opposed the 
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efforts of inquirers to discover any constantly recurring properties and 
admixtures of the urine in individual acute diseases, it might have been 
hoped that more promising results would have rewarded their labors in 
the case of chronic disorders, where the change of symptoms ir not so 
rapid as in acute forms of disease. But here, too, our expectations are 
not realized, chiefly because the deviations from the ordinary composition 
of the urine are in general more inconsiderable in these conditions than 
the modifications which depend upon purely physiological relations, such 
as the nature of the food and other dietetic relations generally. In 
reply to the question, whether we have actually discovered any distinctive 
characters in the urine of tuberculous, cancerous, or arthritic patients, it 
must be admitted that althoughnumerous conjectures have been suggested 
which bear the semblance or tSfording empirical results, we have acquired 
no facts based upon scientific and exact observations. Thus, for instance, 
according to Donn^, the urine in tuberculosis exhibits a viscid mass of 
honey-like consistence after evaporation, when seen under the micro- 
scope ; but has not a similar appearance been observed in other urine ? 
According to some observers, arthritic urine is characterized by an 
abundance of uric acid ; according to others, by a deficiency, or even an 
absence, of this constituent. Although this striking discrepancy may 
be referred to the vagueness of the term Arthritis, find to an error of 
medical diagnosis, hundreds of instances might be enumerated in which 
results scarcely less discrepant have been established by one and the 
same observer. 

We have here enumerated substances which only occur abnormally in 
the urine. Are not these characteristic of individual pathological pro- 
cesses ? Albumen, fibrin, oxalate of lime, &c., are not characteristic of 
specific groups of diseases, but merely of individual processes or groups 
of symptoms accompanying disease ; we have already endeavored to show 
the numerous conditions which may influence the transition of albumen 
into the urine, and that those relations may occur in the most various 
forms of disease. The once prevalent idea that albuminuria was a spe- 
cific disease, instead of being only a symptom of different diseases, is not 
entirely exploded. 

But there likewise exist abnormal substances in the urine, which 
differ so widely from the substances commonly contained in that fluid, 
or in the animal brganism generally — as, for instance, red, green, and 
blue pigments, crystalline and xanthine — that they would appear to indi- 
cate the existence of some definite pathological process or some specific 
form of disease. Such may indeed be the case, but all whc have ob- 
served the occuHrence of these matters must be aware that none of these 
rarely observed substances have been found to appertain to any special 
form of disease. " 

Amidst the confusion which prevailed in pathological chemistry as to 
the composition of the urine in special diseases, the ingenious idea sug- 
gested itself to certain inquirers of inventing entirely new diseases in 
accordance with the constitution of the urine, and ‘the nature and (quan- 
tity of the vari(ras substances which it contains, instead of determining 
the ^Cfomposition of the urine with reference to the disease. These dis- 
eases were named the uric and oxalic acid diatheses, the urea diathesis, 
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&c. Observers thus fell into the same errors of which the older physi- 
cians had been accused ; namely, that of classifying diseases in accord- 
ance with individual symptoms, instead of grouping them in natural 
families based upon distinct processes rather than symptoms. As we 
have already frequently expressed our dissent from the assumption of 
any such diatheses, it would be superfluous again to revert to the subject. 
But, in oppositioniK to this, it might be. asked, is not diabetes mellitus a 
diathesis ? and is it not generally assumed to be a special disease ? Ac- 
cording to our view, this phenomenon is only a symptom, standing in a 
causal connection with a definite series of symptoms, in the same manner 
as many other symptoms are also associated with their respective pheno- 
mena. Thus, if in consequence of any anomaly in the metamorphosis 
of animal matter, from a mechanical or ’physiological obstruction, the 
conversion of the sugar in the blood should be impeded, it will bo very 
rapidly separated by the kidneys, as Bernard, Kei'sting, and myself 
have proved by direct experiments ; this separation cannot, however, be 
effected, as we have already seen in experiments on animals, without the 
abstraction of a large, quantity of water ; the blood becomes poor in 
water, and hence arises the thirst, the suppressed cutaneous transpira- 
tion, and the parchment-like skin of diabetic patients. We almost in- 
variably find, on examining the bodies of patients who have died from 
diabetes, that certain pathologico-anatomical changes are present ; but 
how widely do these differ in character ? As is well known, tubercles 
are frequently present in the lungs in diabetes, and also, in som^ cases, 
affections of the abdominal organs, the spinal cord, kc. Sugar in the 
urine is therefore as much an incidental, inconstant accompaniment of 
tuberculosis as albumen in the urine is of dropsy ; the former, like the 
latter, seems always associatejl with •definite conditions, such as we have 
endeavored to explain in the case of the albumen present in the urine in 
dropsy, but which we are unable to explain in the case of the sugar con- 
tained in the urine in tuberculosis. Dropsy, however, is as much a 
more group of symptoms as tuberculosis ; and we must leave it to a fu- 
ture era in medicine to classify diseases in families and species according 
to definitely expressed chemico- and physico-physiological processes, in- 
stead of grouping them according to individual pathologico-anatomical 
or chemical characteristics. * 

After our remarks upon the constitution of the urine iff the recognized 
groups of disease, we think it would be superfiuous to enter upon the 
further consideration of the properties and composition of the urine, or 
the change which this fiuid experiences in every individual disease ; for 
we have already, as far as the present state of science permitted, classi- 
fied the alterations occurring in the morbid urine, in accordance with 
chemical modes of arrangement. We must leave this subject for the 
present, trusting that the attempts which will bo made in this volume to 
discover the physiological processes in the healthy and diseased animal 
organism from the positive results of physical and chemical investi- 
gations of the anim^ tissues and juices, may contribute towards the 
establishment of definite characteristics of the urine as it means of classi- 
fying families and groups of diseases. 

Owing to, the. want of systematic investigation of normal and abnor- 
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roal urine, and the inconsiderable progress made in organico-chemical 
analyses, a very high value was formerly attached to the analyses of 
urinary concretions, and of calculi generally. When considered from a 
scientific and pathological point of view, we are as unable to admit the 
idea of a Lithiasis as of the above-mentioned diatheses ; it lies entirely 
beyond the scope of our inquiries. Moreover, the little that admits of 
being said regarding the formation of these concretions may be readily 
itifcrrcd from the observations we have already made in reference to 
urinary fermentation. (See p. 123.) The analysis of these concretions 
falls either entirely within the department of inorganic chemistry, or 
will be found in the descriptions of the methods of zoo-chemical in- 
vestigation, considered, in different parts of this work.* Those who are 
familiar with zoo-chemistry need hardly be referred to the copious mono- 
graphs on urinary calculi with which our literature abounds. But if the 
practical physician should in this case, as probably in many others, be 
disappointed in not finding in these volumes all that he had been led to 
anticipate from the importance attached to the facts derived from patho- 
logico-chemical inquiry, he must ’ remember that the newly-sown seed 
cannot at once blossom and boar fruit, and that years must pass before 
the anticipated harvest can be reaped. Truly scientific, physiological, 
and pathological results can only be deduced from the study of physio- 
logical processes, of which wo propose to treat in this volume. 

We ought, indeed, in accordance with the entire plan of this work, to 
enter 'fully both into the consideration of the origin of 4he urinary con- 
stituents and the physiological importance of the urinary secretion ; but 
wo abstain from doing so, because the subject here referred to will cither 
be treated of in our remarks on Ilisto-ehemistry (the chemical theory of 
the tissues), or fall so entirely wirtiin the department of the chemical 
and mechanical metamorphosis of matter, that we must defer their con- 
sideration until we enter upon the study of that subject. 


IIISTO-CITEMISTHY. 

The theory of the chemical nature of the animal tissues is a depart- 
ment of physiological chemistry which as yet has been very little culti- 
vated ; and the reasons of this unsatisfactory state of our knowledge are 
too obvious tOcrequire any detailed exposition. Wo will, therefore, 
simply observe, that the most important obstacle to the chemical investi- 
gation of the tissues is, that their elements are too intimately combined 
or associated with one another to admit of their being prepared for che- 
mical analysis by a previous mechanical separation. This separation of 
the various elementary tissues which are deposited among, penetrate 
between, and envelope one another, is rendered the more difficult by the 
circumstance that with scarcely an exception they are equally insoluble 
in |he ordinary Indifferent menstrua employed by chemists. If we have 
recourse to the stronger or more energetic solvents, as for instance, acids 
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or alkalies, we have seldom anj assurance that the dissolved substance 
is the (otherwise) unchanged histological element, and that the portion 
remaining undissolved is in reality a simple chemically pure material ; 
indeed, in the majority of cases, there cannot be a doubt that the che- 
mical constitution of the tissue on which we arc experimenting is entirely 
changed by such reagents. 

Various means have been attempted with the view of submitting the 
animal tissues to chemical investigation. The first analyses, having any 
claim to accuracy, had for their object the determination of the elemen- 
tary composition ; in the Giessen laboratory, Scherer, and subsequently 
others of Liebig’s pupils, instituted elementary analyses of several of the 
tissues, after purifying them by means of the ordinary indifferent men- 
strua from any soluble admixtures that might be present. If in the 
present advanced state of our knowledge we are compelled to regard 
such analyses as irrational, since many of the analyzed tissues, which 
were then considered by histologists to be simple, may be now seen by 
the most superficial microscopic examination to be composed of various 
morphological elements, yet such investigations must be considered as 
fully equal to the requirements of science at that date. Chemists were 
then attaching a high value to the existcime of protein, and were striving 
to ascertain the metamorphoses which it underwent in its conversion into 
the tissues, and the relations that existed between the chemical constitu- 
tion of the individual tissues, and the composition of the main constitu- 
ents of the blood. Moreover, a special value should be attached to these 
analyses from the circumstance that they form the earliest foundation 
for the construction, of the statistical method, which in the hands of 
Liebig and others has proved so important an adjunct to chemical phy- 
siology (see vol. i. p. 27). Wp shoilld, however, be falling into great 
error if we were to regard the results of these analyses as strictly accu- 
rate expressions of the composition of the tissues in question. The sub- 
cutaneous cellular tissue, tendon, horn, &c., are not elementary tissues ; 
for they are composed of various morphological elements, combined 
together in varying quantities. 

This fact induced Mulder to decompose, by means of acid or alkaline 
solvents, even those tissues which were regarded by histologists as simple ; 
and to attempt to deduce conclusions regarding the morphological 
arrangement of the various elements or the chemical coidliosition of the 
original object from the nature of the products of decomposition, by 
tracing these backwards to their origin. In this manner hair, horn, the 
nails, tortoise-shell, elastic tissue, &c., were examined either by himself 
or under his supoi'intendence. Although these investigations led to many 
interesting results, they did not yield to histologists the information that 
was expected ; for independently of the circumstaiMe that the substances 
which were examined were not sufliciently defined in their character, and 
were unfit for an accurate chemical investigation, or even for an exact 
elementary analysis, the method itself was as imperfect as that to which 
we previously referred ; too little importance was attached to morpholo- 
gically different constituents of tissues, and hence this method yielded 
strikingly similar or identical results for very differently constructed (or 
mechanically composed) objects,— ^a circumstance which must invalidate 
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the claim of the chemical analysis to accuracy, and which was itself in 
part based on the attempt to establish a more intimate ideal connection 
between the results of the elementary analyses and the hypothetical 
formula of the yet more hypothetical protein. 

Mulder himself was by no means unconscious of the imperfections of 
this method, and endeavored in union with Donders to approach this 
somewhat inaccessible department of science in a totally opposite direc- 
tion. The tissues to be exalmined were exposed to the action of various 
chemical reagents, and the changes which their texture underwent were 
observed under the microscope, with the view of deducing from them con- 
clusions regarding the differences in chemical constitution. This course 
was, however, first adopted by J. Muller, who was led by it to several 
results of much value in relation to physiology and general anatomy. 
Several observers followed with more or less success the path which he 
had thus marked out ; but their investigations (unfortunately for us) had 
reference more to the histofogical than to the chemical side of the 
inquiry. Histology has already .derived the most important aid from 
this method, since the reagents which we apply to microscopical prepa- 
rations are no longer limited to dilute acetic acid, tincture of iodine, or, 
at most, perhaps a little ammonia. It was by means of microscopico- 
chemical analysis that the structure of the different horny tissues was 
first clearly exhibited ; who could formerly have established with such 
precision that nails, cows’ horn, and whalebone are composed of aggre- 
gatioii^ of individual cells, from the most careful tracing of their develop- 
mental history ? Would the axis-cylinder of the nerve-fibres have 
remained so long unperceived, or at all events a subject of doubt, if at 
an earlier period we had been more familiar with micro-chemical investi- 
gations ? Chemical appliances have ofteja afibrded most important ser- 
vice to histology, evenjtvhen not promoting our knowledge of the che- 
mical constituents of the tissues. We shall, therefore, be warranted in 
assuming that the progress of histo-chcmical inquiry will be satisfactory, 
when micro-chemical investigation is directed and regulated by the results 
of micro-chemical, analyses ; the micro-chemical relations of a tissue 
serve to indicate the course that must be pursued in order to lead to a 
successful investigation of the chemical constituents of the tissue, and of 
its composition. 

These are, alls we conceive, the points of view from which, in the exist- 
ing state of science, histo-chemistry ought to be investigated ; and in 
accordance with these ideas, we have attempted to give a sketch of the 
mode in which it should be treated. 

Wo need har^jy remark, in connection with these histological objects, 
that the chemist has to deal solely with the elementary tissues ; for the 
coarser or finer admixture of cells, fibresj- &c., which we find congregated 
even in the tissues still deemed simple by many histologists, cannot in 
themselves constitute the object of a chemical investigation ; we should, 
for instance, regard it as altogether inexpedient to devote special sec- 
tions of this volume to the consideration of the smooth muscular fibres of 
the intestine, the eontractile tissue of the tunica darto$, the middle 
artopal coat, kis. We know that these tissues are composed of very 
vanrotis histologieal elements, and that there occur in them, interwoven 
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in many forms and proportions, fibres of connective tissue and nucleated 
fibres, or ordinary elastic tissue, with the fibre-cells which are common 
to all contractile organs. The admirable inquiries of Kblliker have 
indeed shown us that these fibre-cells constitute the most essential 
element in all the contractile tissifcs, and his results have been almost as 
decisively confirmed by chemical investigation as by the certain physio- 
logico-physical test of magnetic electricity. Hence we should not regard 
the middle arterial coat, or even the walls of the bloodvessels themselves, 
as subjects for histo-chemical research, but we should rather attempt to 
ascertain, under the head of “fibre-cells,” the chemical character of the 
substance that is common, and at the same time peculiar, to all contrac- 
tile tissues. At the present day it would be highly inexpedient to devote 
special sections to the chemical constituents of the eye, the chemical con- 
stitution of the brain, &c. We are, however, as yet unable to limit 
histo-chemistry very strictly to the consideration of the pure elementary 
tissues, for we must still speak of nervous tissue, of the striped muscular 
tissue, &c., although very different morphological and chemical elements 
are associated in them ; for unfortunately, we have not yet. made suffi- 
cient progress to enable us properly to distinguish from one another the 
elementary parts of these compound tissues, and we are consequently • 
obliged to limit histo-chemistry to the mere determination of the chemi- 
cal characteristics of the morphological elements of the tissues. 

Although every one who directs his attention to histo-chemistry must 
be familiar with the normal histological characters of the tissues^ and 
although every one who would propose engaging in histological investi- 
gations must be thoroughly familiar Avith the present state of general 
anatomy, we have notwithstanding deemed it expedient to introduce a 
sketch, short though it may be, of tlje conformation of the individual 
tissues. In accordance with this view, we have endeavored to indicate, 
in the shortest possible terms, the morphologfcal relations of each 
elementary tissue, its admixture with other textural elements, and its 
occurrence in the various organs of the animal body. 

■ While it cannot be denied that chemical investigations of the tissues, 
if they are to lead to any valuable result, must be intimately associated 
with histological examinations, so on the other hand the first step to- 
wards a chemical recognition of the textural elements can only be taken 
through the aid of micro-chemical reactions. We will, therefore, begin 
the consideration of “histo-chemistry proper,” with a description of the 
changes which we observe with the microscope in the texture of each 
tissue after the application of various reagents, limiting ourselves, for 
the most part, to the results obtained by personal observation. There 
is no department of physical science in which personarobservation is 
more necessary for the purpose of forming a corre9t judgment than in 
micro-chemistry. Our judgment regarding surrounding objects or phe- 
nomena, of which we obtain cognizance only through the sense of sight, 
is exposed to numerous sources of error : we know that in making ob-' 
servations with the microscope we are deprived of many aids which, 
under other circumstances, would assist us in forming our opinion. re- 
garding the objects we perceive, and we especially miss this assistanpe 
in forming our judgment regarding the changes which microscopical 
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objects undergo under the influence of chemical reagents ; thus, for 
example, many histological elements swell and become as imperceptible 
to the eye as if they were actually dissolved, whilst in reality they are 
simply reduced by the reagent to a gelatinous condition in which their 
refractive power corresponds with thsu of the surrounding fluid ; and it 
not unfrequently happens that the membrane or fibre that had become 
invisible may be again brought into view by repeated washing with 
water, or by careful saturation of the acid or base that had been em- 
ployed, thus afibrding evidence that it had not been dissolved in the re- 
agent. After the application of other reagents, parts often become 
visible which previously could not be perceived ; it is then often impos- 
sible to distinguish whether these objects actually existed previously 
and were only very transparent, or whether they were produced by the 
application of the reagent. In such cases it is often impossible to arrive 
at any certain conclusion ; we know, for instance, that histologists are 
not yet fully agreed as to 4;he nuclei which appear so abundantly in 
the corpuscles of frogs’ blood that has stood for some time, some main- 
taining that they exist preformed in the fresh circulating blood, and 
others holding the opposite view. 

Again, many reagents induce coagulation of the intestinal juice in 
mixed tissues, and m this way not only obscure the form, but occasion 
such contractions and alterations of outline of one or other of the parts, 
that it often becomes extremely difficult to distinguish to which of the 
tissues that are thus intermingled the filaments or granules, that are 
observed, belong. These, and similar relations, make it extremely dif- 
ficult to form a judgment regarding the eficct of the action of chemical 
reagents on the tissues, and, indeed, often render it impossible to arrive 
at any definite result. We might^adduce many examples of apparently 
very simple questions regarding which* the best histologists are even 
now at variance (as, for instance, whether nucleoli are or are not con- 
tained in the nuclei of certain cells, and whether these nucleoli, when 
they are unquestionably present, consist of fat or of some other matter). 
To show that we have not overrated the difficulties of micro-chemical « 


investigation, are there not many -who even now deny the pre-existence 
of an axis-cylinder in the nerve-tubes ? and do we not find such distin- 
guished observers as Mulder and Donders holding the apparently very 
erroneous view that the axis-cylinder visible within nerve-tubes that 
have undergone change consists essentially of fat ? 

It is hardly necessary to remark that perfect familiarity with the 
microscope, and an accurate acquaintance with all the auxiliaries em- 
ployed in its use, and with all its sources of fallacy, are indispensably 
requisite for the successful pursuit of micro-chemical investigations. 
The various means pf checking error which have been recommended by 
such experienced observers as Jul. Vogel,’ Schleiden,* Hugo Mohl,® 
Purkinje,'* and others, in ordinary microscopical inquiries, are required 
in a still higher degree in micro-chemical researches. 


’ Anleitung z. GebraucH dies Mikroskops u. s. w. Leipz. 1841. 
^ Botanik, Methodol. Einleitung. Leipz. 1849. 

* Mikirographie u. a. w. Tubingen, 1846. 

* Wagper’e Handworterb. d. Physiol. Bd, 2, S. 411--448. 
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It must ftlso be borne in mind that the application of chemical re- 
agents demands the observance of many precautions, the necessity of 
which has been only recently perceived. Formerly it was the ordinary 
practice to allow the chemicaF rcsigent to flow on the microscopic pre- 
paration, and to observe its direct action on the morphological elements 
of the object under examination. Bonders* has, however, correctly 
shown that it is very often necessary to submit the tissue we may be 
examining to the prolonged action of the chemical reagent — an action 
not merely of hours but of days. We regard both modes of proceeding 
as absolutely necessary for an accurate examination. In association 
with Messerschmidt,* I long ago directed attention to the fact, that even 
in objects which are easily penetrated — as, for instance, pus — the solu- 
tion of the chemical reagent only very gradually makes its way into the 
mass of the object, and acts very unequally on the parts that are dif- 
ferently situated ; and consequently that the microscopical appearance 
may often give occasion to very different interpretations. Hence Bonders 
especially recommends that the tissues should not be submitted to mi- 
croscopical investigation until they have been exposed for a longer or 
shorter period to the action of the chemical agent in a somewhat dis- 
entangled or carefully prepared state. In this way the final result of the 
action may be much better observed than by any other means, and the 
altered parts are seen with perfect clearness. In the meanwhile, although 
the result may be sufficiently obvious, it may often be far from easy to 
decide in what manner the change has been brought about, andVhat 
parts especially undergo solution, contraction, or gelatinization. If we 
merely observe such preparations without tracing the action of the 
chemical reagent upon them under the microscope, we soon see how 
readily we may fall into error^ Hence in every case it is expedient 
when examining a preparation, at the same timc,to observe the direct 
action of the same reagent on it. In the latter proceeding there are 
various means by which we may be assisted in accurately observing the 
direct action of the chemical reagent ; thus, for instance, Ilcnle recom- 
* mends that a hair should be introduced between the slide on which the 
object is placed and its cover, in order to regulate the flow of the test- 
solution, and to retard its action on the preparation, which is often ex- 
tremely rapid ; linen or cotton threads may often be more conveniently 
used, provided they are not affected by the reagent. Oifo’s own expe- 
rience is, however, a better guide than any written directions in success- 
fully carrying out experiments of this kind. 

Another point of much importance in micro-chemical researches, 
which .has been often neglected even in recent times, yid which has 
been strongly insisted upon by Bonders and myself, is attention to the 
strength of the solutions employed in micro-chemistry. A disregard of 
this rule frequently led in earlier times to the most discrepant state- 
ments regarding the action of various reagents on blood and pus-cor- 
puscles, and at the present day we may possibly ascribe to the same 
cause the ver^ different assertions that have been made regarding the 
action of various chemical matters on certain tissues. We shall pre- 
sently see, for instance, what different effects are produced on muscular 

' HoIliindiBche Beitrilge. 1846, S. 89. * Arch. f. physiol. Bd. 1, S. 225. 



180 


niSTO-CHBMISTRT. 


tissue by extremely dilate, moderately dilute, and concentrated hydro- 
chloric acid, and vhat different consequences result from the application 
of alkaline solutions of various strengths to similar objects.^ Whilst the 
chemist throws together organized parts, crashes the organic mass in a 
mortar, and then most laboriously attempts to Ssh out the^ individual 
constituents, always, however, carefully paying attention to bis chemical 
reagents, and the manner in which they should be applied, the micro- 
chemical inquirer has often followed a totally opposite course ; he may 
have observed the alterations in form which the object has undergone, 
while he has not sufficiently attended to the nature of the chemical re- 
agents he has employed ; indeed, they sometimes seem to be selected 
at hap-hazard, and are of such a nature that they cannot lead to chemi- 
cally serviceable results, their application being so irrational in a che- 
mical point of view that, let their action be what it may, no conclusive 
results can be expected from them. These remarks lead ns to another 
point in micro-chemical analysis, to which we should pay the most serious 
attention, and by the neglect of which we lose many most important 
results. 

It is obvious that micro-chemical reagents should be applied for other 
purposes than merely for the object of studying the changes of form 
which the elementary tissues undergo, and of investigating their minute 
structure, or of determining whether this or that histological element be 
the pore nearly allied to that hypothetical substance, protein, or whether 
it rather falls into the very vague category of “ gclatigenous tissue,” or 
whether it be altogether different from either. Micro-chemical investi- 
gation must be pursued with the same aims as every other chemical 
manipulation, that is to say, it must be directed to the elucidation of 
the chemical constitution of the* object under consideration, and must 
indicate the direction to be followed in our advance towards the goal of 
our inquiries. But this point will not be attained as long as wo content 
ourselves with employing this or that reagent at random, and are satis- 
fied with observing the alteration of form which it induces, and with as- 
certaining in what group of chemical substances this or that part of a 
tissue should be classed. Micro-chemistry must rather furnish us with 
the means of extracting from the tissue to be examined one chemical 
constituent after another, and of ‘thus rendering them more accessible 
to further cliemical investigation. We believe that the following pages 
present some striking illustrations of the advantages of this application 
of micro-chemistry, which has first indicated the method of investigating 
the chemical nature of the textures by the separation of the less essential 
parts interwoven with them ; it will thus throw some light on the con- 
stitution of parts like the brain, which have hitherto defied all the efforts 
of pure analysis. * 

If we glance at the somewhat numeroqs micro-chemical reactions 
which have been observed in the different tissues, we shall find that they 
have rather excited our hopes than fulfilled our expectations. The large 
number of reagents often scarcely differing in their actions, and their 
unsystematic accumulation, show clearly enough that this branch of 
•eienoe has is yet been little cultivated, and is but ill adapted to lead us to 
any explanatory facts. But the cause of the unsatisfactory nature of the 
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efforts hitherto made to advance histo-chemistry by means of micro- 
chemical experiments, is to be referred less to the inefficiency of our 
micro-chemical agents, than to the imperfect development of general zoo- 
chemistry or the theory of the animal substrata. We cannot, however, 
hope to make great or brilliant progress in the chemical knowledge of the 
tissues until chemists shall hare succeeded in throwing light upon the 
protein bodies, until better analytical methods are discovered for the 
distinction and separation of these widely differing, although in some 
respecti^ analogous substances, or until some more reliable methods can 
be adopted for the establishment of less hypothetical formulae than those 
hitherto employed — as, for instance, in the case of albuminous substances. 
The protein hypothesis has frequently served as the npSrov for 

giving scope to hazardous conjectures on the nature and formation of the 
tissues, as well as on the entire metamorphosis of matter in the animal 
body. We have, therefore, abstained as far as possible from giving the 
artificial formulae and equations by which it has been attempted to exhibit 
an ideal connection between the composition of the different tissues and 
their origin and metamorphosis, since it appears to us that science in 
its present undeveloped state more especially demands caution in the in- 
dulgence of fanciful hypotheses. A cautious reserve in this respect is 
more especially called for from those pathologists who imagine that a 
pathological histo-chemistry may be hurriedly built up on a few insecure 
props, and who have obscured the few exact chemical facts whiqh we 
possess regarding morbid tissues with their own nebulous hypotheses. 

If, however, we could extend to histo-chemistry our inherent tendency 
to general abstractions, we may consider the general proposition (laid 
down in vol. i. p. 36), that the physiological importance of a substance is 
dependent on its chemical constitution' as being equally well established, 
in so far as our experience goes, in regard to the tissues ; for we merely 
express the simple result of positive experience, and the inductions de- 
duced therefrom, when we assert that the chemical nature of the tissues 
. invariably corresponds with their functions. It has been long known 
that those tissues which are of service in the animal' body almost solely 
from their physical properties (their hardness, toughness, elasticity, &c.), 
contain as their most essential basis a substance which on boiling yields 
gelatin; we further know that those fextural elements which are remark- 
able for a high degree of elasticity, as the nucleated fibres'of connective 
tissue and the true elastic tissue, present a perfectly similar chemical re- 
lation ; and as we gradually develops the subject of histo-chemistry, we 
shall have convincing evidence that those tissues which exhibit special 
vital activity — those, namely, which, in addition to a slight but very per- 
fect elasticity (Ed. Weber), possess the power of contracting in conse- 
quence of certain influences transmitted through th<$ nerves — contain as 
a matrix and essential constituent, one and the same substance, muscle- 
fibrin or syntonin ; here we must place the fibre-cells of those tissues 
which are specially known as ‘^contractile,” and of smooth muscle, 
and the cylindrical fibres of striped muscle. The arrangement and the 
chemical character of the substrata constituting the nervous system, con- 
firm rather than oppose the above proposition, and afford a new proof 
that the material substrata of the tissues are always constructed in che- 
mical conformity with their vital functions. 
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There is one more circumstance which must not be left altogether un- 
noticed, and which probably stands in a nearer connection with the above 
subject than might at first sight be supposed ; we refer to the fluids per- 
meating and bathing the tissues. We have already seen that;» there are 
great differences in the chemical character end composition of the fluids 
moistening the different classes of tissues, the peculiarities of the fluid 
being apparently closely connected with the chemical constitution of 
each individual tissue. We find, for instance, that the lower elementary 
tissues, such as exert a mere physico-mechanical action, arc moistened 
by a fluid which scarcely differs from the serum of the blood, and in 
general closely resembles the transudations described in this volume. 
On the other hand, the tissues which are capable of a vital contrac- 
tion, and, consequently, the fibre-cells and muscular-fibres are sur- 
rounded by a fluid which is altogether different from an ordinary transu- 
dation ; in the first place this fluid is distinguished, in all contractile 
tissues without exception, by the presence of a certain amount of free 
acid ; further, the phosphates and potash-salts predominate hero over the 
chlorides and soda-salts (which preponderate in the transudations) ; and, 
lastly, there occur in this fluid a number of substances which, hitherto 
at least, have not been recognized in the blood and transudations. It 
may probably depend upon the different modes of action of the fibre-cells 
(in the contractile tissues and in smooth muscles) and of the muscular 
fibres (in the striped muscles), that the acid interstitial juice in the former 
case always contains casein with albumen, whilst, in the latter case, it 
contains no casein, but several other substaupes peculiar to itself alone. 
Unfortunately these relations afford us as yet mere points of view from 
which we may get glimpses of the connection between the chemical com- 
position and the function of the tissues, or at most a few new advanced 
points from which we^ay hope by further investigations to promote the 
physiology of the animal tissues. 

The preceding remarks will sufficiently elucidate the course which we 
intend to pursue in treating of the chemical relations of the animal ele- . 
mentary tissues. * Wo first notice the micro-chemical reactions. In the 
present very imperfect state of micro-chemistry a logical arrangement 
and subdivision of these reagents i^ out of the question, and hence their 
number is far greater than it would otherwise be. Althoifgh many of 
these reagents act in a very analogous manner, and others again do not 
yield very definite results, we shall, nevertheless mention them in detail, 
as we are of opinion that in a rapidly advancing and comparatively new 
department of science every fact, however unimportant, should be re- 
tained, since w« do not know what significance it may subsequently attain. 
Moreover, no accumulation of facts can do harm. 

Basing our remaiflcs for the most part on the micro-chemical reactions, 
we shall next proceed to the investigation of the chemical properties 
and composition of the individual substances which may be extracted or 
isolated from the tissues, without any essential change in their composi- 
tion. We shall then notice the parenchymatous juices which permeate 
the tissues, {provided they exhibit any peculiar chemical relations. With- 
out entering deeply into the purely physiological relations of the indi- 
vidual tissues'," we shall then consider the question whether anything defi- 
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nitc, regarding the physiological function of the tissue, can be deduced 
from its chemical constitution, in so far as it is yet known. 

Finally, we shall endeavor, at the conclusion of each subject, to form, 
as it were^ basis for an introduction to a more general chemical analysis 
from the results obtained by the micro-chemical investigations. If our 
previous remarks on the chemistry of the tissues have htiled to demon- 
strate the great deficiency of our knowledge in this department, the 
analytical results will afford conclusive evidence that we are still very far 
from being able to clothe histo-chemistry in a rational garb, or to represent 
in a scientific form the morbid changes of the tissues. 


OSSEOUS TISSUE. 

Were we to consider the constitution of osseous tissue only from a 
chemical point of view, without reference to its histological conforma- 
tion we should scarcely arrive at anything like a correct idea of bone. 
We must, in the first place, bear in mind that this substance which was 
formerly included amongst the simple tissues, has not only a somewhat 
varying, but also a complicated texture, in which, as in the tissues of a 
higher order, vessels and nerves enter, and in which, as in other tiesues, 
nutrient matter (or plasma) and effete materiiils are met with. Without 
entering minutely into the structure of osseous tissue, we must at all 
events remark that this substance — whether pertaining to the flat or the 
long bones — ^is penetrated by numerous cavities and canals, which in the 
fresh bone are not empty, and,*in the dry, contain at least the non-vola- 
tile constituents of the former contents. These**cavitie8 in the bones 
are not merely those which are perceptible to the naked eye, as for in- 
stance, the great medullary canal in the centre of the cylindrical bones, 
and the cellular spaces of the spongy bones, and the nutritious foramina ; 
in addition to these more obvious solutions of continuity, there are two 
different kinds of minute canals, one being much smaller than the 6ther, 
and both perforating the true osseous substance. The larger of these 
sets of tubules, which have an average diameter of (Kolli- 

ker),* and are known as the Haversian canals, or canaliculi medtillarea, 
form a network in the more compact osseous tissue, and open (1) ex- 
ternally on the outer surface of the bone, and (2) internally, on the 
walls of the medullary cavities and spaces. The substance, however, 
which is surrounded by these spaces, is by no means to <)e regarded as 
the matrix of bone — as a perfectly continuous tissue, for we find in it a 
third group of tubules by which the bone is converfed into a thoroughly 
porous substance. It is these tubules which were formerly regarded as 
the special morphological elements of osseous tisue, and were known as 
the bone-corpuscles and ductuli chalecopJiori : they are empty spaces, 
which, on examining dried sections of bone under the microscope by 
transmitted light, are such conspicuous objects from their black color, 


> Mikrosk. Anat. Bd. 2 , 8 . 278. 
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or rather their opacity. These elongated lenticular bone cavities, which 
have, according to Kblliker,* an average length, breadth, and thickness 
of 0*01'", 0’004'", and 0*003'" respectively, send out innumerable inter- 
communicating offshoots (the above mentioned ductuli ehalecophori), and 
convert the matrix of the bones into a most porous material. 

All these cavities, which we find in macerated and dried bones, are 
filled in fresh bones with various tissues and materials which do not per- 
tain to the osseous matrix — ^the true object of chemical examination. 
It is well known that. the large cylindrical cavities of the tubular bones 
are filled with marrow, of which we shall speak presently ; this marrow 
is also found in the cancelli of the apophyses of the cylindrical bones, 
and in the cavities of the spongy substance of the flat and short bones, 
but is not contained in the dense cortical substance ; hence it does not 
penetrate into the Haversian canals, which only exist there. While the 
marrow consists of a little connective tissue, and some vessels inter- 
mingled with the true medullary matter, the Haversian canals contain 
only bloodvessels and the nerves pertaining to Ahem. 

With regard to the bone-corpuscles and their prolongations, it was 
held, until very recently, that, as their *name indicated, they consisted 
essentially of calcareous salts, or, at all events, were filled with them. 
This error, which was first exposed by Bruns and Bowman, and after- 
wards more fully by Kblliker, was one into which it was the more easy 
to fall, because, on the one hand, these air-containing spaces refract the 
light in its passage from the osseous matrix into these cavities in such a 
manner that these parts appear perfectly dark in consequence of the 
deviation of the rays, and thus resemble opaque objects, such as we often 
find (in another form) in morbid concretions, and because, on the other 
side, it is only with difficulty and by a very slow process that these 
empty spaces and passages can be filled with fluids. (The best fluids for 
this purpose are the oils and balsams.) 

Virchow and Bonders, and more recently Hoppe," have shown the 
extreme probability that these bone-corpuscles and their prolongations < 
are not simple Excavations in the bone, but that they are lined by a 
membrane, by finding thot after the prolonged ebullition of pieces of 
bone (the tegumentary bones of thp sturgeon) the corpuscles, with their 
prolongations, remained perfectly intact after the solution of the matrix. 
Drummond® maintains, as Kblliker h^ previously done, that a nucleus is 
constantly present in the bone-corpuscles. 

The easiest method of demonstrating that the bone-corpuscles and 
their prolongations are cavities, is to apply a little pure turpentine or 
Canada balsam to the edge of a long thin slip of bone (which, after per- 
fect drying, serves the best to exhibit these parts) and to examine it 
under the microsoo|fe ; we then perceive the dark bone-corpuscles and 
their prolongations very gradually become light, by slowly absorbing the 
turpentine, and thus losing their strong refractive power. 

These minutest cavities or pores do not contain air in the fresh moist 
substance ; they must be filled with a fluid whose refracting power is not 
very diffei^nt from that of the matrix of bone, as is obvious from the in- 

' Mikrosk. Anat. Bd. 2, p. 291. * Aroh. f. psthol. Anat. Bd. 6, S. 17G. 

* Monthly Jonrn. of Med. Soienoe. Yol. 14, p. 286. 
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restigation of fresh or thoroughly moistened osseous tissue ; hence a 
deposition of calcareous salts within them is out of the question. No 
examination has as yet been made of the contents of these pores and 
cavities in fresh bones ; it must, however, suggest itself to every one, 
that this system of most minute cavities which communicates on all 
sides with the Haversian canals (the vascular cavities of the bones) must 
take up the transudations from the vessels (the nutrient fluid) and 
reconvoy the effete particles in a state of solution into the Haversian 
canals. If we could succeed in collecting the contents of these minute 
tubes in a state of purity (which is by no means impossible), we should 
thus have an opportunity of chemically examining a perfect physiological 
plasma. 

We peroaive, from this short notice of the different systems of cavi- 
ties which penetrate bone, and of the variety of their contents, that 
even in analyzing bones that have been long and carefully macerated, 
we are dealing with not only the true osseous substance, but with other 
matters, as, for instance, the remains of the contents of the various 
canals, &c. < 

But before proceeding to the chemical consideration of the bones, we 
have still to determine the question whether the true matrix (indepen- 
dently of the contents of these canals) is a thoroughly homogeneous 
mass, that is to say, whether, morphologically considered, it exhibits a 
perfectly homogeneous continuity, and whether in a chemical ppint of 
view, it can be regarded as a perfectly uniform material, that is to say, 
as a chemical compound of certain proximate constituents. 

The matrix of bones is found on a careful microscopical examination 
to be far from perfectly homogeneous. In the first place, on examining 
well-prepared transverse sections, we perceive a number of concentric 
circles surrounding the section of each Haversiar? canal. These circles 
are true lamellae, varying in thickness from 0*002 to 0*005'" (KblJiker).* 
Besides these lamellae connected with the Haversian canals, there is also 
a general system of such plates which correspond to the outer and inner 
surface of the bone, and are parallel to these surflices. (KdlHkcr’s 
Fundamental Lamellse.) Associated with these and interspersed here 
and there in the interior of the bonp between the lamellae of the Ha- 
versian canals, are isolated groups of parallel lamellae. (Kolliker’s 
Interstitial Lamellae.) These are most distinctly seen in sections of 
bone that have been carefully treated with dilute hydrochloric acid ; but 
they may also be recognized in incinerated bone. But even the indivi- 
dual lamellae, independently of the very minute tubules occurring in 
them (the bone-corpuscles with their prolongations), are not by any 
means homogeneous : we remark in them an extremely fine punctated 
appearance, depending on the presence of innumetable pale granules of 
nearly uniform size (according to Kblliker, about 0*0002'"). Kblliker 
is inclined to regard these granules as identical with the angular cor- 
puscles which Tomes found in the fragments of incinerated and crushed 
bone, and he considers it not improbable that the true osseous tissue, or 
the matrix of bone, consists entirely of an intimate admixture of granules 
firmly combined with one another. If this supposition should be con- 

■ Mikrosk. Anat. Bd. 2, S. 288. 
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firmed by further investigations, we could hardly conceive a juxtaposi- 
tion of these granules without an intervening substance : and even if 
this view regarding the minute structure of osseous tissue should not be 
confirmed, the granular appearance would always militate against the 
homogeneity of osseous tissue. 

The chemical, like the physical relations of osseous tissue, indicate 
that in the minutest particles of it there is a very intimate blending of 
the textural elements, but not a true mixture (or chemical combination) 
into a homogeneous substance. It may be inferred from the results of 
Hoppe’s experiments, to which we have previously referred, that the 
bone-corpuscles and their prolongations are invested by an albuminous 
membrane insoluble ih boiling water. • 

Further, it is an old-established fact that almost all the earthy con- 
stituents may be extracted by dilute acids from a bone, without affecting 
its form, or oven destroying its minute structure ; in the same way the 
form and structure of a bone remain unchanged .when we remove the 
organic matter from it, either by calcination or by careful boiling with 
dilute alkalies. These two facts might at first seem to be in favor of the 
view that the osseous tissue is homogeneous, and that there is an actual 
chemical combination between its organic and inorganic matters ; but 
when we consider that the very numerous analyses of bone which have 
been already published do not lead to the inference that there is a 
defini^ proportion between the organic and inorganic matters, but on 
the contrary, that the proportions vary extremely in accordance with 
the physiological conditions, — and further, when wo bear in tuind that 
the cartilage may be removed from bone even by the weakest agents, as 
for instance, by boiling with water in a Papin’s digester, or by an ex- 
tremely dilute solution of pota8h,-^we feel at all events that we have 
grounds for doubting Aat the matrix of bone is a chemical compound of 
earthygand organic matters ; and we are strengthened in these doubts by 
observing that the minute points grow pale or entirely disappear in 
osseous substance treated with dilute hydrochloric acid. 

As we have already spoken, in the first volume, ot the individual con- 
stituents of osseous substance, we need here only observe in reference 
to its qualitative composition, or ratjier, in reference to that of bones in 
general, that the moat essential organic constituents are gelatigenous 
cartilage (vol. i. p. 360) and fat (vol. i. p. 222), while the inorganic are 
phosphate of li|ae (vol. i. p. 873), phosphate of magnesia (vol. i. p. 881), 
carbonate of lime (vol. i. p. 378) and fluoride of calcium (vol. i. p. 383). 
In addition to these main constituents, the bones also contain substances 
which must be* regarded as incidental or unessential constituents of 
osseous substance. Thus the alkaline sulphate in Bibra’s cases^ (see 
vol. i. p. 398) should'probably be regarded as for the most part the pro- 
duct of the incineration of the bones. With regard to the other soluble 
salts that can be extracted by water or spirit from fresh pulverized bones 
after the removal of their fat, we possess no investigations which enable 
us to decide the question whether the chloride of sodium, carbonate of 
soda, &c., fuse at all events in part peculiar to the matrix of bone, or 

> [See the foot note in page 190.] 
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whether they only belong to the blood which can never be thoroughly 
removed, or to the fluid contents of the bone-corpuscles and their pro- 
longations. Precisely the same may be said of the organic substances 
which may bo extracted from pulverized bone by digestion with mere 
water, or more thoroughly (together with the earthy salts) by dilute 
hydrochloric acid. Even the fat which we have enumerated amongst 
the main constituents can only occur in extremely small quantity in the 
matrix of bone. For the small quantity of fat (from 1 to 31?) which we 
find in bones that have been as thoroughly as possible cleaned and 
macerated, must be chiefly marrow from the cavities of the spongy por- 
tions of the bones, and only a mere trace can arise from the matrix : 
we, moreover, find from the investigations of the most distinguished 
histologists, that the marrow does not pass into the Haversian canals of 
the compact osseous substance. Hence it is only by the analyses of 
bones which have been well macerated and deprived of their fat that wo 
can hope to ai'rive at any definite conclusion regarding the constitution 
of thu osseous matrix. 

The bone-cartilage, obtained by prolonged digestion with dilute and 
frequently changed hydrochloric or nitric acid, occurs in its moist state 
as a tolerably elastic, yellowish, translucent substance, which perfectly 
retains the form of the portion of bone from which it was obtained. 
When dried, it becomes very hard, but only slightly brittle. When it 
has been so often extracted with a weak acid solution that the latter no 
longer exhibits any traces of dissolved lime, the cartilage leaves very 
little or a mere trace of ash on incineration. We have already men- 
tioned that neither Marchand nor von Bibra could recognize any difier- 
ence between the elementary composition of this cartilage and of the 
glutin obtained from it or from tendons or connective tissue. The ana- 
lyses of thoroughly pure bone-cartilage and of ghitin coincide so accu- 
rately with one another, that notwithstanding their somewhat high .atomic 
weiglits, we must regard these substances, if not isomeric, at all events, 
as polymeric, although we always find a little sulphur in the former, 
which is absent in the latter. Bibra* has made the irfteresting observa- 
tion, that in fossil bones in which the organic substance is still retained, 
the cartilage is converted into a glufin-like substance or into true glutin. 
After freeing these bones in the ordinary manner from tljeir earthy con- 
stituents, it was found that the residual c&rtilage fused at a temperature 
at from 37° to 40° into a thoroughly gelatinous mass, which swelled up 
in water into a trembling jelly. This only took place, according to 
Bibra, in true fossil bones, and not in those which were obtained from 
ancient graves. We shall postpone the description of the characters of 
the cdrtilage which occurs in bones before true ossification takes place, 
till we treat of cartilage generally. Neither Bibfa,* Ragsky,® or any 
other chemisterhave found any essential alteration in the cartilage of 
diseased bones ; in all oases the cartilage was converted by boiling with 
water into a substance perfectly similar to glutin. 

As we have already described in considerable detail (in the first vo- 

’ Cham. Untersnch. liber die Knochen u. Zahne. 1844, S. 399. > Op. cit. p. 319. 

* Rokitansky's Handb. d. pathoL Anat. Bd. 2, S. 205 [or English Transl. vol. 3, p. 
182.] 



188 


OSSKOUS TISSUE. 


lumo) the individual mineral constituents of bones, and the varying 
quantities in which they occur, we shall here merely present the reader 
with a general scheme representing the constitution of compact osseous 
tissue, as deduced from the best analyses : 


Phosphate of lime, 57 

Carbonate of lime, 8 

Fluoride of calcium, 1 

Phosphate of magnesia, 1 

Mineral constituents, . . 67 

Cartilage, * 83 


100 

* 

The fluctuations in the proportions of the individual constituents are 
by no means inconsiderable under different physiological conditions, as 
has been already shown in the first volume. The differences which the 
different bones of one and the same individual exhibit are especially in- 
teresting. Von Bibra has especially elucidated this point by the most 
conclusive results. With regard to the proportions between the organic 
and inorganic matters, Bees has, next to Bibra, most distinctly shown that 
the bones of the extremities are in general richer in earths than those of 
the body ; of the former the humerus and femur contain somewhat more 
than the other cylindrical bones ; the cranial bones contain about the 
same quantity of earths as the cylindrical ones, while the metatarsal and 
metacarpal bones have a closer affinity in this respect to the bones of the 
trunk. Tho ribs and the clavicles contain on an average rather more 
organic substance than the vertebrae ; those of the pelvis approximate 
very closely in this respect with the last-named bones. The carbonate 
of lime appears to be entirely dependent upon the quantity of the phos- 
phate of lime in the different healthy bones of the same individual ; at 
all events, Bibra found that in the most diverse bones of the same ani- 
mal, the carbonate and phosphate of lime always stood in nearly the same 
ratio. Moreover, it would appear from the observations at present in 
our possession, that the quantity of magnesia in the different bones rises 
and falls with that of tho phosphate of lime. The short bones always 
contain, according to von Bibra, more fat than the cylindrical bones, 
even where the former have been as’ completely as possible freed from 
spongy substance. The quantity of water contained in the bones has 
been made the subject of special investigation by Stark it cannot gene- 
rally bo determined with much accuracy, but Stark’s observations show 
that the flat bones contain more water than the cylindrical (probably 
from the former being the more vascular). 

Although the female skeleton is on an average far lightei*^ than 
that of man, the comparative analyses of the same bones of both sexes 
show very trifling, and, as it would appear, altogether unessential differ- 
ences. If we may bo allowed to assume (with physicians) the existence 
of a certain predisposition, we wduld say that it would appear from the 
various recorded analyses of morbid bones, that the female bones more 
readily undergo a loss of earthy constituents than male bones, or to 
speak more'^orrectly, that processes which contribute to the absdrption 

* Edin. Med. and Surg. Jonrn. vol. 163, pp. 806-825. 
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of bone-earth are more frequently developed in the female than in the 
male organism. 

It has been found that in man as well as in the other mammalia, and 
in birds, the bones in youth, especially in the human race, contain less 
earthy constituents than those of adults, but that in advanced age, the 
bones are universally richer in earthy or mineral matters (Thilenius, 
Davy, Schreyer, Frerichs,* von Bibra). We cannot decide from the 
facts in our possession whether the diminution of the earthy matters, 
which has been often observed in the bones of aged persons, is depen- 
dent on physiological or pathological causes. Different observers have 
arrived at very different conclusions regarding the ratio of the carbonate 
to the phpsphate of lime at various periods of life. It has been already 
stated (vol. i. p. 379) that I found far more carbonate of lime in propor- 
tion to the phosphate in the bones of a new-born child, than in those of 
an adult and of an old man, while von Bibra found on an average far 
less carbonate of lime in the bones of young animals. Moreover, von 
Bibra found rather more phosphate of magnesia in the bones of several 
very young animals than in the corresponding bones of those that were 
older. The period of life exerts, according to Bibra, no essential influ- 
ence on the amount of fat in the bones. 

It can hardly be doubted that the food must exercise some influence 
on the constitution of the bones — a view which seems proved, not merely 
by the experiments of Chossat and von Bibra* (referred to in vol.’i. p. 
374), but also more especially by the investigations of the latter ob- 
server on the bones of different classes of animals. 

It appears from the numerous investigations of von Bibra and Stark 
on the effects of different kinds of food on the bones of the mammaliay 
that the amount of cartilage rpmained unaffected, but that essential dif- 
ferences were induced in the composition of the /norganic constituents. 
The bones of the herbivora cofitain on an average rather more carbonate 
of lime than those of the carnivora ; the bones of the pachydermata 
and cetacea were found to be especially rich in this salt by von Bibra 
(who always used the femur in these comparative analyses). There seems 
to be no perceptible difference in the amount of fat in the bones of the 
carnivora and herbivora ; von Bibra, however, found that the bones of 
horses contained very much more fftt than those of other animals. The 
bones of fat animals usually contain more oily matter than those of lean 
ones, and hence the bones of hybernating animals contain considerably 
more fat before than after their winter-sleep. According to Stark, 
human bones are richer in water than those of any other mammal. 

Von Bibra almost invariably found more bone-earthy in the bones of 
J*Vd« ’than in those of mammals. The rasores were the richest in mine- 
ral substances (the mean being 75*8g ; in Columbfi Turtur the earthy 
matter rose to 84* 3 g). The bones of carnivorous birds are generally 
only slightly richer in earthy salts than those of mammals. The ratio 
of the carbonate of lime to the phosphate is generally ^eater in the 
bones of birds than in those of mammals. There is, on an average, 
rather more fat in the bones of birds than of mammals, and the granivo- 
rous, and especially the aquatic birds, in this respect exceed those living 

' Ann. d. Ch. u. Pharm. Bd. 48, S. 251. * Op. cit. p. 47. 
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on flesh. According to Stark, the bones of birds contain more water 
than those of mammals. Moreover, the bones of granivorous birds con- 
tain rather more silica than other bones. 

Stark has also instituted comparisons between the organic and inor- 
ganic substances in the bones of mammals and birds, but his results are 
not in accordance with those of von Bibra. In all probability, the osse- 
ous substance had not been perfectly dried in most of Stark’s compara- 
tive analyses. 

Our knowledge of the composition of the bones of the amphibia is 
almost entirely due to the labors of von Bibra. These bones con- 
tain an average less inorganic matter than those of mammals and birds 
(those of the Salamandrida, for instance, only SSg, and those of the 
frog G3g) ; moreover, the ratio of the carbonate of lime to the earthy 
constituents generally, is less in the bones of the amphibia than in those 
of the prdbeding classes. As has been already stated in vol. i. p. 398, 
von Bibra found a considerable quantity of sulphate of soda’ in these 
bones. 

The bones of fishes are poorer in mineral constituents than those of 
any of the preceding classes (the earthy matters varying from 21 to 
Although, with regard to the earthy salts, the carbonate of lime 
appears to a certain extent to rise and fall with the phosphate, no defi- 
nite proportion can be detected as existing between them. As in the 
casewof the amphibia, von Bibra found that these bones contained more 
sulphates and fat than those of maminals or birds. According to Stark, 
the bones of fishes contain more water than those of any other animals. 

Notwithstanding the enormous number of analyses of morbid hones 
which have been made by difierent chemists, very few results with any 
claim to certainty have been obtained regarding “the composition of the 
bones in definite diseases. To this unfortunate circumstance we must in 
a great measure ascribe the difficulties ^hieh present themselves in 
diagnosing diseases of the bones during lim, and often even after death, 
if we regard the diseased bone merely as an isolated pathologico-ana- 
tomical specimen.^ We need only refer to the osteomalacia of children 
(rachitis) and of adults, to the different kinds of osteoporosis, to primi- 
tive and consecutive scleroses, to the various osteophytes and ivory-like 
exostoses, &c. It appears to be often difficult, without a previous know- 
ledge of the mode in which the bone-disease was developed, to give a 
decided opinion on its nature, even when it is brought before us as a 
piece of morbid anatomy. We are, moreover, inclined to believe, with- 
out in any way criticising the anatomical observations hitherto made in 
connection with diseases of the bones, that the whole subject requires 
further dcveloflmdnt in a pathologico-anatomical point of view. The 
chemist must therefoye bo pardoned if (as has more than once happened) 
he should mistake osteoporosis for osteomalacia, if he should regard an 
osteopsathyrosis as softening of the bones, and not as a subdivision of 
osteoporosis ; in short, if in many cases he should confound osteoporosis 
with osteomalacia, and rachitis with caries. It is no wonder, then, if in 

1 [The editor regrets to iind that a rather important trraium escaped his notice in 
correcting ihH page referred to in the text. In line 10 from the top of page 398, read 
•‘sulphate of ^pda” in place of “soda.”] 



ITS COMPOSITION IN DISEASES, 


191 


the analysis of osteoporotic bones we rarely or never ascertain whether 
the rarefaction of the osseous tissue depends upon a simple syphilitic, 
arthritic, or tuberculous ostitis, or on an excessive growth of medulla, or 
on simple atrophy of the bony tissue ; that is to say, upon the disappear- 
ance of the above-mentioned concentric osseous lamellae from the Ha- 
versian canals. Nor need we wonder that we are yet so comparatively 
ignorant regarding the chemical constitution of the osteoscleroses ; for 
excepting the analyses of Ragsky,* von Bibra,® Schlossberger,* Gerster,^ 
Gruber and Baumort,* 0. Schmidt,® and C. 0. Weber,^ we find very few 
chemical investigations accompanied with a history of the disease under 
which the patient labored. In the absence, therefore, of an accurate his- 
tory of the case, we can ascertain very little from our numerous analyses of 
morbid bones, seeing that in the great majority of cases only very unim- 
portant diflFerences are apparent in the composition of very diff’di'ently 
named morbid bones. Moreover, such different methods have been em- 
ployed in preparing the bones for analysis, and in conducting the exa- 
mination, that the results that are obtained do not admit of comparison. 

On entering upon the special examination of tho results of tlicse nu- 
merous investigations, we have, first of all, to notice the general propo- 
sition enunciated by von Bibra, that in almost all morbid processes impli- 
cating the bones, the mineral substances are abstracted from the tissue 
earlier and in larger quantitj’’ than the organic matter ; and that in 
almost all diseased bones a relative increase of tho cartilage is observed. 
The bone-earth is not only earliest separated from already formedM)one8 
during morbid conditions, but it is also last deposited in the bones after 
the cessation of disease, as, for instance, is seen in the composition of 
the scleroses ; for a bone, or a part of a bone, often exhibits the most 
decided physical charteters of sclcrpsis when, the earthy constituents 
are far below the normal average. It is an error to suppose that in 
sclerotic bones there is more^arthy matter and less cartilage than in 
normal bones. This much only is true, that in consecutive sclerosis, 
that is to say, after osteoporosis or osteomalacia, the bone gradually re- 
covers its earthy constituents, although not always to^such a degree as 
to reach the normal proportion between the inorganic and organic mat- 
ters. At all events, the analyses of Ilagsky and Baumert do not prove 
more than this. 

The cartilage is very rarely affected in morbid bones. Most observers 
have obtained the ordinary glutin from the cartilage of diseased hones. 
(In some cases of very decided rachitic bones both Marchand and I have 
failed to obtain any true glutin.) 

Tho amount of fat in the bones has only been accurately determined 
in a few cases ; but von Bibra’s analyses lead to the inference, that gene- 
rally when, in consequence of disease, a bone has suffered a loss of earthy 
matter, and still more of its cartilage, the quantity of its fat is increased. 

' Bokitangkv’s Handb. d. Pathol. Anat. Bd. 2, S. 201-205 [or English translation, 
VoL 8, pp. 180-182]. 

• Arch. f. phys. Heilk. Bd. 6, S. 287-299. 

• Ibid. Vol. 8, pp. 69-87. < Ibid. Vol. 8, pp. 142-140. 

® Bcitrage z. Anat. Physiol, u. s. w. 2 Abth. Prag. 1847. 

• Ann. d. Ch. u. Pharm. Bd. Cl, 8. 829. 

^ Oommentatio praemio ornata. Bonnso, 1851. 
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A very important question forces itself upon our notice in considering 
the diseases of the bones, namely, whether there are constant changes 
in the relative proportiom of the mineral constituente, and especially 
whether, when there is resorption of the bone-earth, the strongly basic 
phosphate of lime is replaced by a less basic salt. Unfortunately most 
of our analyses of morbid bones are not of such a nature as to enable 
us to elicit fron^ them even a probable answer to this question. How 
seldom, after the bones have been properly prepared for analysis, has it 
been attempted to ascertain the quantity of carbonate of lime in the 
fresh bone, or in the earthy constituents, by the direct determination of 
the carbonic acid ! Indeed, in most analyses, the <$ider method of Berze- 
lius for the determination of the phosphate of lime has been employed, 
according to which we could never be certain whether we were weighing 
SCaO^ 3PO5 or SCaO.POg. We shall presently notice the reasons why 
this and similar questions are not so easy to answer as might at first 
sight be supposed. It appears, from the analyses in our possession, as 
if the carbonate of lime first diminished and subsequently again in- 
creased in a corresponding proportion with the phosphate, in diseases of 
the bones ; it is only in osteophytes and new formations of bone that 
we frequently find the carbonate of lime exceeding the normal standard. 

After the preceding observations, it would scarcely seem necessary to 
consider the composition of the bones in reference to the ordinary noso- 
logical classifications ; we must, however, attempt this course, partly to 
show'^iow deficient our knowledge on this subject is, when we cease to 
be contented with abstract diagnoses or mere nominal designations, and 
attempt a mbre scientific mode of consideration, and partly also to de- 
monstrate that unless ^e implicitly follow the leading maxims afforded to 
us by pathology, little real advance can be mad^in this department. 

If we follow the method of inquiry af present pursued in pathology, 
which refers almost all anatomical changes of the tissues and organs to 
a so-called inflammatory process, wo mu^begin by studying the chemi- 
cal changes which are coincident with the textural alterations of the 
bones that are induced by an ostitis, a periostitis, disease of the medulla, 
&c. But when we see the results of an ostitis exhibiting themselves in 
various ways, according as it depends on purely local causes or on spe- 
cific or general diseases, or as it attacks this or that grotq) of bones, we 
may at all events conclude, d priori^ that even where the textural 
changes are nearly the same, the chemical constitution of the altered 
bones need not be similar or even analogous. Thus it is easy to form a 
conception of osteoporoses whose origin might bo dependent on such 
different morbid affections that according to the different diseased condi- 
tion from which they arose, they must have a thoroughly different chemi- 
cal compositioi^# Stlthough morphologically they might be extremely 
similar. * This is shown in a certain degree by the analyses which we at 
present possess of osteoporotic bones, although these investigatiqns are 
far from being altogether satisfactory ; and seems most decidedly esta- 
blished in the case of caries. Adopting the view held by morbid anato- 
mists, that inflammation of the bones terminates in hypertrophy, we 
have three* kinds of hyperostoses to consider, which morphologically, and 
in part alse chemically, differ from one another, namely, primary sclero- 
sis, osteophyte, and exostosis. 
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We possess two analyses, made by Ragsky, of primary acleroaisy whose 
oficurrence is generally supposed to depend upon the gradual conversion 
into cartilage, and finally into bone, of an exudation within the medul- 
lary cavities and the Haversian canals (by which the osseous tissue be- 
comes condensed and almost ivory-like)^ they do not, however, at all 
indicate an augmentation of the mineral constituents of the bones. 
Efen in true sclerosis there is never an excess of earthy matter in pro- 
portion to the organic substance deposited in a bone, and hence, wc can- 
not suppose that in primary sclerosis such an augmentation of the mine- 
ral substances should occur. When the exudation is transformed into 
osseous substance, this newly formed structure must at first contain less 
mineral matter than true bone, and on this account, as indeed is com- 
pletely in Accordance with the analyses, it happens that we often find a 
relative diminution of the earthy matters in sclerotic bones as compared 
with normal osseous tissue. All that we can deduce from our analyses 
of such bones is, that on the one hand their organic basis differs in no 
respect from the ordinary gelatigenous cartilage, and that on the other, 
there is a considerable augmentation of the carbonate of lime in propor- 
tion to the phosphate. 

As osteophyte is a new formation of osseous substance on the surface 
of bone, its composition must naturally vary very considerably with the 
length of its existence, that is to say, with the stage of development into 
which it has entered from the period of the original formation of the 
exudation. In the majority of cases both of puerperal and other ’bsteo- 
phytes, it has been found both by Kuhn and myself, that there has been 
an excess of organic substance and of carbonate of lime above the normal 
mean. As- in callus (according to Valentin), so also in osteophyte, there 
is more carbonate of lime than jn those products which are more similar 
to osseous tissue. No attempt has been made to ascertain whether iix the 
early stage the cartilage yielc^ chondrin on boiling, as is the case in 
callus and bones previous to ossification ; but gelatigenous cartilage is 
cohtainod in perfectly ossified osteophytes. 

* ' The analyses of exostoses lead to the same conclusions as those of 
osteophytes (Lassaigne). 

Osteoporosis^ which is a dilatation of the medullary cells, and of the 
Haversian canals, may also be the result of infiainmation of the bones, 
since the exudation that is deposited induces a resorption ef the lamellae, 
and consequently a rarefaction of the tissue. But, according to Roki- 
tansky, osteoporosis may also result from excessive development of the 
medulla, which then' penetrates the canals, dilates the cavities, and thus 
increases the volume of the affected bone. Finally,, osteoporosis may 
arise in eonsequence of old age or of certain dyscrasice (arthritis, stqihilis, 
&c.), through simple atrophy with resorption of the laniellm surrounding the 
canals^ and it then yields an extremely brittle product (osteopsathyrosis). 
In the chemical investigation of bones that have undergone rarefaction 
(or expansion) these three conditions must not be overlooked ; in all pre- 
vious investigations, however, little or no attention has unfortunately been 
paid to these differences. Analyses of porous bones have shown nothing 
beyond the fact that in general the resorption of the mineral matters of 
ibe bones, even in osteoporosis, proceeds more abundantly than that of 

voi.. II. 13 
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the cartilage, and that the cavities which have been produced are filled 
sooner or later with fluid fat. It has been inferred from these analyses, 
that the carbonate of lime is resorbed in i*elatively larger quantities than 
the phosphate ; but it is only in a few analyses that this relation is per- 
ceptible, and in these, the nature of the osteoporosis aflecting the bone 
is doubtful. Glutin has been found in the cases in which the cartilage 
of such bones was examined for gelatin, and consequently the chemical 
constitution of the organic substance remained unchanged. 

In a chemical point of view, osteomalacia has been more investigated 
than osteoporosis ; but here we must distinguish between the osteomalacia 
of childhood, that is to say, rachitis, and the softening of the bones in 
adult life. Yet, notwithstanding the analyses of Marchand,^ von Bibra,® 
Davy, and Bagsky, to which I may add my own,* we are still in igno- 
rance;X>f the pathological process and the morbid product of true rachitis. 
Our analyses are only so far accordant, that all agree in assuming that 
rachitis induces a considerable diminution of the mineral constituents of 
the bones, although it still remains to be decided whether this diminution 
may not be in part a relative one, depending merely upon an increase 
of cartilage. The assumption of many pathological anatomists, that the 
rachitic process is connected with true hypertrophy of the bone-cartilage, 
must at the present day be regarded as, to say the least, very impro- 
bable ; for when rachitic bones, which have been only moderately mace- 
rated and deprived of their fat, are examined in thin sections under the 
micfoscope, the Haversian canals and lacunce (bone-corpuscles) are not 
found to be filled with organic matter, but are either empty or dilated. 
If we calculate the analysis of an imperfectly macerated bone, contain- 
ing all its fat (and the gelatinous substance effused into the medullary 
canals) for 100 parts, we shall imleed obtain an absolute excess for the 
organic constituents, and a relative deficiency for the inorganic mutters ; 
but these relations do not prove the existence of hypertrophy of the 
cartilage.* Such a condition can only bo microscopically and chemically 
shown in those rachitic bones which exhibit a tendency to healing through 
sclerosis ; an absolute augmentation of the cartilage can be detected only 
in these cases, and not in the highest stage of the special rachitic pro- 
cess. Hypertrophy of the cartilage constitutes the basis, not of soften- 
ing of the bones, but of ostcoscl^osis, more especially when it occurs 
after rachitis^ or after osteoporosis. The nature of the cartilage gene- 
rally remains altogether unchanged in rachitis; but Marchand and I 
have observed cases of highly developed rachitis, in which no glutin 
could be extracted from the bones,, although after prolonged boiling I 
obtained a slightly gelatinizing substance which yielded some of the re- 
actions of ohondrin. An exact determination of the relatiejis of the 
earthy oonstiti|^ntu.of rachitic bones is the more important from the 
light which the^ appear to throw on other processes, and on the nature 
of rachitis itseli. The carbonate of lime appears from several analyses 
to diminish proportionally to the earthy phosphates, but other analyses 
(as for instance those made by Mafchand and myself) yield a higher 
amount for the carbonate of lime than the normal proportion. Although 

• Joum. f. prakt. Chem. Bd, 27, S. 92. *Op. cit. p. 291. 

» SclAiidVB Jabrb. der. iges. Med. Bd. 88, S. 280. 
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the phosphate of lime is often much diminished, the rachitic process 
cannot be conditional upon the occurrence of free acid, as has been as- 
sumed from a single observation by Marchand. The assumption that 
carbonate of lime is removed from the bones, is controverted not merely 
by the result of analyses, but also by the indifferent behavior of deci- 
dedly rachitic bones towards blue litmus. The ash of these bones 
occasionally yields more carbonate of lime than we calculate from the 
direct determination of the carbonic acid in the fresh bones (after 
being merely deprived of their fat); a portion of their lime must 
therefore have been combined with some organic acid, which, however, 
need not necessarily be lactic acid, since a fatty acid or some other 
substance may have been combined with this base. The frequent 
occurrence of free uric acid, lactic acid, and oxalate of lime, in the 
urine of rachitic children, cannot be regarded as affording evidence of 
the existence of a so-called lactic acid diathesis or dyscrasia ; we shall 
indeed have occasion to show that the osteomalacia of adults presents 
more grounds for the establishment of such an hypothesis. Whether 
the basic phosphate of lime found in the bones of rachitic patients is 
converted into the f basic salt, is a question which must be decided by 
more exact and direct investigations than any hitherto made. 

The Ormiiotabes (of Elsasser) is probably nothing but a form of 
rachitis which affects the occipital and parietal bones during the period 
of suckling, and we should, therefore, make no special reference to it, 
were it not for the purpose of drawing attention to the admirablc’inves- 
tigations made by Schlossbergor' on this subject, which may, indeed, 
serve as a model fof all similar inquiries. He ascertained that the of 
mineral substances, which he found to occur in the normal occipital 
bones of healthy children during th(?first year of their age, diminished 
to 51^ in the simply attenuated parts of the bone, and to 40 or even to 
288 in the thickened and spongy softened parts ; he found that the 
carbonate of lime was present either in a normal quantity, or only 
slightly diminished, and that the cartilage was so far sound that it 
yielded ordinary glutin on boiling, whilst the fat, when compared with 
that in the rachitic bones of children of more advanced age, was not at 
all or very slightly increased. 

The osteomalacia of adults, which undoubtedly depends upon osteo- 
porosis accompanied with diminution of volume and a deposition of fluid 
fat in the dilated and newly formed cavities, would appear to bo more 
referable than rachitis to the excessive formation of acid in the organism ; 
but a thorough investigation of the nature of this remarkable disease and 
its products (such as that by Schlossberger on craniotaljies, to which we 
have already referred) is still wanting. Bostock,* Prbsch,’ Bogner,'* 
myself,* von Bibra, Ragsky, Gerster,® C. Schmidt,^' and Weber,® have 
submitted these bones to examination. The earthy constituents of the 
bones are more diminished here than in any of the other bone-diseases 

' Arch. f. phys. Heilk. Bd. 8,^8. 6»-87. 

* Medico-Cliirurgical Transactions. Vol. 4, p. 38. 

^ Comment, inaug. de osteom. adult. Heidelb, 1885. 

* Valentin’s Uepert. 1842, S. 294. * Op. cit. 

« Arch. f. phys. Ileilk. Bd. 7, S. 142-146. 

’ Ann. d. Cli. u. Pharm. Ed. 61, S. 281. •Op. cit. 
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we have considered ; bat the physical examination shows that a large 
portion of the cartilage is also destroyed, whilst the almost brittle net- 
work of residual bony matter floats in thin fluid fat, which amounts in some 
cases to 20 or The osseous substance which is obtained from these 

bones occasionally yields glutin on boilmg ; but when the bones are very 
thoroughly affected by the disease, the organic matter yields no gelati- 
nizing substance like , glutin or chondrin. 1 could not discover that the 
fat of these bones contained phosphorus, as Nassc* found was the case 
with ordinary bones. C. Schmidt proved in the most uneqtdvocal man- 
ner that free lactic acid was present in the fluid of the cylindrical bones. 
The fluid occurring in these bones exhibits very often, although not 
invariably, an acid reaction ; and although the excessive quantity of fat 
may in some cases impede the action on litmus paper, 1 have known 
cases in which some of the bones of a patient affected with osteomalacia 
exhibited an acid reaction (as the femur and tibia), whilst others (as the 
ribs and pelvic bones) showed no trace of the presence of acid, even 
where there was a smaller accumulation of fat. We cannot, therefore, 
refer the resorption of the bones to the occurrence of free lactic or fatty 
acids, unless in direct opposition to well-attested facts. The occurrence 
of the lactic acid may perhaps be owing to the development of a chemical 
process in the broken-down fragments of the bones, which gives rise to 
the formation of an acid, as Gerstcr, Schmidt, and Weber observed in 
the case of perfectly disintegrated bones. The anatomical investigation, 
as well as the analysis of the individual morbid process, renders it more 
than probable that the occurrence of the fat in the ^bones does not exert 
a primary influence on their disintegration, but acts only in a secondary 
manner within the spongy parts. The mineral substances decrease very 
considerably when compared with <he caytilage in this form of osteoma- 
lacia, as will be readily seen if we exclude the fat in the calculation of 
the analysis. It is remarkable that notwithstanding the acid reaetion 
of the juice permeating the bone, carbonate, as well as phosphate of lime, 
is found in the macerated bones from which the fat has been removed, 
and that the former even appeal's to be less decreased than the latter. 
Weber is the only one who has investigated the composition of the phos- 
phate of lime contained in these bones ; he found, in addition to carbonate 
of lime, I basic phosphate of lime, and believes that the phosphate of 
normal bone (SCaO.FOs) is converted by means of the free acid into 
this less basic salt. If this interesting fact should be confirmed by future 
investigations, it must still appear very striking that so much carbonate 
of lime could be present in fresh bone, together with the free-^id. The 
affections whic^ ve comprehend under the term osteomalacia may, there- 
fore, possibly admit of being subdivided into two different precesses. It 
will in like manner depend upon future and more carefully conducted 
investigations to' determine whether, as we are induced &om various 
reasons to believe, the arthritic process actually corresponds with that 
of osteomalacia. 

Carious bones, the products of ulcdlkius ostitis, have been very care- 
fully examined by Valentin* and von Bibra.* The ulceration so gradu- 
ally destroys the bone, that the mineral constituents disappear to a 

■ .Tourn. ifir prakt. Chemie. Bd. 27, S. 274 

* Valentin’s Repert. Isas'. » Pogg. Ann. Bd. 67, S. 366-372. 
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greater extent even than the cartilage before the entire destruction of 
the osseous tissue, and that the cavities formed in the bones bj caries 
become filled vrith fat in the same manner as in osteomalacia ; hence we 
always find a larger quantity of organic matter in carious than in normal 
bones : the residual cartilage does not differ from the ordinary bone- 
cartilage, or at all events the decoction exhibits the usual reactions of 
glutin. It appears from most analyses that the carbonate of lime dimi- 
nishes in direct proportion with the phosphate. Bibra endeavored to 
ascertain whether the phosphate of lime exhibited any difference in the 
proportions of its proximate constituents in caries ; he found f basic 
phosphate of lime, but further investigation was required to determine 
this question decisively. 

The chemical investigation of portions of necrosed bone has not yet 
led to any important results ; nor can we wonder at this, when we con- 
sider the conditions under which separate bones, or portions of bones, 
are necrosed ; that is to say, how they are deprived of nutriment by the 
intervention of healthy parts. Our analyses yield, therefore, very nearly 
the same composition for necrosed as for healthy bones ; the organic 
matter sometimes appears to be rather augmented, although it is occa- 
sionally slightly diminished ; they commonly present the same characters 
as strongly macerated bones. 

Fossil hones have alsobeen made the subject of numerous investigations.’ 
The locality from which they have been removed should always be consi- 
dered in these inquiries, for to this we must obviously refer many of the 
modifications presented by their composition ; thus, for instance, the mass 
in which they are imbedded frequently exerts a chemical action upon 
them by decomposing or metamorphosing the organic matter of the phos- 
phate of lime, whilst it also readily Becomes infiltrated (especially its 
carbofi'ate and sulphate of lime) into the bone-canal*. 

The quantity of organic matter contained in fossil bones varies very 
considerably ; thus, for instance, in some cases the organic matter con- 
.tained in them has been found to be scarcely diminished when compared 
with that of fresh bones, whilst on the other hand many of these bones 
exhibit no remaining trace of organic matter. We have already refer- 
red to the observation*made by Bibra, that the cartilage of fossil bones 
is generally converted into a substance which at once yields glutin, after 
the mineral matters have been thoroughly removed. It seems a priori 
more than probable that the composition of the phosphate of lime might 
undergo a change in fossil bones ; but still this salt has almost always been 
found to ediasist of 8 CaO.SPOg, which is the same composition as that 
ocdrmnng in fresh bones. It is therefore very questionable whether the 
occurrence of small crystals of apatite, SCaO.POj, in fossil bones, or in 
bones which haeVe lain for a long period of time in rtie earth (Girardin 
and Preisser),* can depend upon a metamorphosis of the chemical con- 
stitution, or (as seems less improbable) on an arrangement of the minute 
particles of phosphate of lime intq crystals. Carbonate of lime gene- 
rally occurs in far larger quantities in fossil than in recent bones, al- 
though this increase is frequently only relative^ in consequence of the 

* On the literature of this euhject, seevol. i, p. 883, 

* Ann. dc Cliim. et de Pli^s. 8 Ser. T. 9, p. 370-38J. 
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organic substance having disappeared from the bone ; more commonly, 
however, this carbonate of lime is absolutely augmented either by infil- 
tration from without, or in certain soils, from a portion of the phosphate 
of lime being decomposed by carbonic acid or carbonates. Magnesia 
often occurs in larger quantities in the fossil remains of vertebrated ani- 
mals than in the fresh bones of the preset animal world. The greater 
abundance of fluoride of calcium which some of our best analysts have 
found to occur in fossil bones has excited considerable attention, more 
especially since Liebig* has shown that even the cranial bones excavated 
at Pompeii exhibit a larger proportion of fluoride of calcium than the 
bones of the present generation (see vol. i. p. 883). On the other hand, 
Girardin and Preisser have found that the fluoride of calcium had greatly 
diminished in human bones which had lain long in the earth, and in 
some cases had even wholly disappeared. There is thus sufficient proof 
that it may increase as well as diminish in a perfectly normal manner in 
the bones, although this increase or decrease cannot always be referred 
to definite causal relations. Alumina, oxide of iron, and silica, arc sub- 
stances which are very frequently found in fossil bones, although we 
must undoubtedly regard their presence as due merely to infiltration. 

Wo shall consider the bones and cartilages of the invertebrate ani- 
mals in a subsequent portion of the work. 

The analyti% of hones is undoubtedly one of the simplest opera- 
tions ^of zoochemical research, but so many different methods have been 
attempted that, notwithstanding the great number of analyses, we have 
arrived at no conclusive results ; we see, for example, that the chemical 
composition of the phosphate of lime contained in the bones is still 
doubtful, even at the present time. Thus, too, a number of questions 
present themselves to our notice ofl entering upon the consideration of 
the constitution of pathological bones, which have either been vfholly 
unanswered or very imperfectly solved by the analyses in our possession. 
A more exact knowledge of the specific gravity of the bones must have 
thrown considerable light upon their physiological and pathological con- 
ditions ; but whilst in many cases, as for instance, in the examination of 
urine, the density of the fluid to be analyzed is in general more or less 
accurately determined, the determination of this property has been 
almost entirely neglected in the case of the bones, excepting in the ana- 
lyses made byKagsky. Independently of the fact that the density is an- 
important physical pj^operty, deserving special attention in the conside- 
ration of the numerous modifications to which the bones are subject in a 
healthy and morbid condition, we might expect, by a careful study of 
the subject, tOcascertain the existence of a definite law indicating a rela- 
tion between the density and the proportions of organic and inorganic 
matters contained in the bone, which is obviously a point* of the highest 
importance. As* however, the proportions both of water and of fat 
contained in the bone exert a great influence on its physical properties, 
and these' must necessarily be most intimately connected with its 
specific gravity, it should be one of the first points in the investigation 
of this su^ect to institute a comparison between the specific gravities 

‘ Die. org. iCh. in Anwendg. auf Agric. u. Pbvsiol. S. 140 For Engliah Translation, 
1840, p. 150]. 
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of different bones after being dried in the air, after the removal of 
their fat, and in a perfectly anhydrous condition. The determination 
of the absolute weight has been almost as much neglected as that 
of the specific gravity, in comparing together normal and diseased 
bones, although it is only from this determination and from a comparison 
with the specific gravity, that we can form a judgment of the metamor- 
phosis of matter going on in the bone during any physiological or patho- 
logical process (and not from the proportional numbers of a single che- 
mical analysis). Although we must presume that our readers are 
acquainted with the methods, cautions, and modes of correction required 
for the determination of the specific gravity, we would simply draw at- 
tention to the fact, that the pulverized bone (in all conditions under which 
it may be submitted to examination, whether' it have been dried in the 
air, deprived of its fat, or have been wholly freed from water) should be 
kept for sevorg.! hours in a vacuum .after it has been well shaken and im- 
pregnated with distilled water, such a precaution being necessary for the 
thorough removal pf all particles of air. 

Few observers, with the exception of Nasse and Stark, have satisfac- 
torily investigated the quantity of water contained in the bones. Nasse 
was indeed induced to believe, from his observations, that the water con- 
tained in bones exerted no influence on their hardness, but wo cannot deny 
its influence in morbid bones on this and other physical properties. As 
bone is very hygroscopic, wo ought to notice the state of the thermome- 
ter and hygrometer in comparing the quantity of water present in dif- 
ferent bones which have been dried in air, before the pulverized bone is 
thoroughly deprived of its water in an oil or air-bath. 

The determination of the quantity of fat contained in the bones is 
more uncertain than that of mosUof the*other constituents. The fat, “as vre 
have ‘idready observed, is limited for the most part to the medulla of the 
bones, extending only slightly into the Haversian (or 80-c<alled medullary) 
canals. The fat which is not contained in the cavities and interstices of 
the bones, but adheres to the true osseous tissue, is very inconsiderable 
in quantity, and is, at all events, only mechanically mixed with it ; it 
should, therefore, we think, be always merely compared with the quan- 
tity contained in other bones, and not be included in the percentage re- 
presentation of the chemical analysis as a constituent of bone. The 
influence exerted by the fat of the true osseous tissue oft its physical 
properties has not as yet been accurately ascertained. We have already 
spoken (in vol. i. p. 220 ) of the rules which should be observed in the 
determination of the fats. 

In order to study the composition of the true osseous liJasue (and this 
has been the object of most of the analyses hitherto made), the bones 
should in the first place he minutely pulverized, carefully washed with 
water, and then deprived of their fat by the action of ether ; for the 
analysis can yield no clear representation of the composition of true 
bone until the fatty constituents, and the substances soluble in water, 
and derived from the blood and the bone-plasma, have been carefully re- 
moved. The presence of these substances not only increases the diffi- 
culty of the technical performance of the analysis, but the analysis itself 
naturally gives only a very imperfect result in relation to the osseous 
tissue in various physiological or pathological conditions. 
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-It was formerly customary to calculate the quantity of carbonate of 
lime contained in bone by the quantity of lime in the fluid from which 
the phosphate of lime had been precipitated ^according to Berzelius’s 
method) by ammonia free from its carbonate ; but this method has been 
shown by many analysts to be exceedingly uncertain. The quantity of 
carbonic acid in the bones should therefore always be determined by 
Fresenius’s apparatus. It is very useful to compare the quantity of car- 
bonic acid contained in the bones after they have been well washed and 
deprived of their fat, with that present in the ash. We usually find 
rather more carbonic acid in well-prepared ash than in fresh bone ; this 
excess, which is slight in healthy bones, rises in some cases very consi- 
derably in morbid bones. This is indeed the only method which admits 
of our estimating how much lime is» combined, not with carbonic acid, 
but with organic matter. 

The method employed in preparing the bone-ash is not devoid of im- 
portance ; for the determination of the earths, we must first wash the 
pulverized bone and thoroughly remove the fat by ethpr, and then after 
it is completely dried, submit it to the process of combustion. Erd- 
mann’s mufte affords the most rapid and complete means of incinerating 
bones ; burning them in a platinum crucible over Berzelius’s lamp is a 
much less rapid method of proceeding ; in either case it is advisable that 
the bone-ash should be moistened with carbonate of ammonia and again 
heated before it is weighed. There is almost always a more or less con- 
siderable quantity of caustic lime formed during incineration. When 
the above precaution is neglected, the ash is often found to yield less 
carbonic acid than the fresh bone, a result which may, however, depend 
upon other circumstances. 

With regard to the individual determinations of the phoiphoric acidy 
magnesiOy fliioriney and traces of eulpJiuric acid, wo presume our 
readers are acquainted with the different methods employed in analytical 
chemistry ; we would, however, especially recommend the mode of pro- 
cedure devised by W. Heintz.* 

We have only- very unsatisfactory data for the determination of the' 
quantitative relatione existing between the bony skeleton and tho whole 
weight of the animal organism in different classes of animals, and during 
different diseases ; and in many ca^cs we have no data of any kind. 

At the age “of 21 years, the weight of the skeleton is to that of the 
whole body in the ratio of 10*5 : 100 in man, and in that of 8*5 : 100 
in woman (the weight of the body being about 125 or 180 lbs.) 

The special consideration of the parts which stand in a close relation 
to the bones, iSj^ch as the periosteum, the marrow, and the cartilaginous 
investments, ^es not fall within ^e limits of our inquiry^ since they are 
organic parts composed of several simple tissues, and cannot, conse- 
quently, be made the subject of a rational chemical investigation. 

Although numerous histological observations have been made on the 
development of the bones from cartilage, the subject has been very im- 
perfectly considered in a chemical point of view. In reference to the 
developmiMit of individual bones, wo scarcely know more at the present 
day than iphat was known long since, independently altogether of chemi- 
* Monatsber. der Akad. der Wiss. *. Berlin. 1849, S. 60-53. 
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cal investigations ; namely, that the bone, as long as it continues in a 
state of cartilage, contains a substance yielding chondrin, which becomes 
converted into a ^dy yielding glutin during the progress of ossification, 
when the earths are simultaneously deposited in the bone in large quanti- 
ties. Boussingault made some interesting experiments on pigs in con- 
nection with the absorption of mineral substances during the develop- 
ment of the skeleton. It would appear from these observations, that 
the skeleton of a pig increases on an average about 11*7 grammes in 
weight daily during the first eight months after birth ; that is to say, 
that about 6*2 grammes of cartilage are daily formed, and 5-5 grammes 
of earths (including 2*4 grammes of phosphoric acid) are taken up by 
the bones. At a subsequent period, as, for instance, till the eleventh 
month, the skeleton increases on an average about 6 grammes daily, that 
is to say, there are only about 2*6 grammes of earths (including 1*4 
grammes of phosphoric acid) deposited daily in the bones. 


THE TEETH. 

The teeth have commonly been considered, in a chemical point of 
view, as organs possessing very great analogy with the bones, an(^ they 
have been regarded as purely mechanically acting parts, rich in mineral 
substances, and analogous to the products of inorganic nature — in short, 
to minerals ; but this mode of investigating the subject cannot satisfy 
the requirements of the histologist or the physiologist. Independently 
of their mode of development, 'the structure of the teeth difiers so en- 
tireF^ Trom that of the bones, and is moreover s» complicated, that it 
would be wholly irrational to regard the teeth as formed of homogeneous 
simple tissues, and to submit them directly to chemical analysis. 

, When we analyze an entire tooth, we are guilty of the same error as 
the ehemi^s of an earlier age who triturated complicated organisms in 
a mortar, and then attempted to analyze the chaotic mass. Even in a 
chemical investigatien of the teeth, we should remember that every tooth 
consists of three morphologically different parts, namely the dentine or 
tooth-substance, the enamel, and the cement. 

The predominant part of the tooth, and that on which its form de- 
pends, is the dentine {substantia tubuhsa), a fusiform or wedge-like 
body, provided with a club-shaped hollow extremity for the reception of 
the nerves and nutrient vessels. Histological investigation has shown 
that dentine is not a homogeneous body, but that it consists of a per- 
fectly structureless^ mass, resembling the matrix of d>one, and perforated 
by a very large number of minute ramifying canals. These Canals have 
comparatively thick distinct walls, and proceed from the cavities, di- 
verging towards the external surface of the dentine, in the vicinity of 

* ^Tnthe prcYioiis edition Lehraann says ** not perfectly structureless.” Aecording to 
Kolliker, the matrix of the dentine in the recent tooth is quite homogeneous. After the 
e-xtrnotion of the calcareous salts from the dentine, it, however, exhibits a great ten- 
dency to break up into fibres. — a. e. d. j 
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which they are still more minutely ramified. We do not observe bone- 
corpuscles, or other structures peculiar to bone in the dentine ; but in 
their place we have the interglohular spaces of Czermak,* which resemble 
the holes made by bullets. We must, therefore, take into account the 
contents of these tubes (probably the nutrient fluid of the tooth), and of 
the above-named cavities, in the chemical investigation of the fresh 
teeth. It is clearly shown by microscopico-mechanical examination, that 
here also the salts of lime are not deposited in the canals or cavities. 

Hoppe* exposed to the prolonged action of boiling water thin sections 
of the molar teeth of the pig, the salts having been previously extracted 
with hydrochloric acid, and the cartilage of the cement having been re- 
moved with water. The external part swelled up, became transparent, 
and dissolved, with the exception of a few flakes; while, on the other 
hand, the interior became white and transparent, crumbled down, and 
was scarcely at all soluble. The solution only contained glutin. The 
undissolved residue, when examined under the microscope, presented the 
dentinal canals in a perfectly isolated state, an,d aggregations of dark 
globules, with distinct nuclei : these globules perfectly corresponded 
with the above-mentioned interglohular spaces. Acetic acid dissolved 
neither the ^nals nor the globules. Hence, according to Hoppe, the 
canals, like the bone-corpuscles, possess independent walls which do not 
consist of a gelatigenous substance ; Hoppe considers the globules to be 
cells. ^ 

Slight as is the resemblance between dentine and osseoris tissue in a 
morphological point of view, there is still less similarity between the 
vitreous investment of the crown of the tooth (or the enamel) and bone. 
The enamel is a very hard and rather brittle compact mass, not permea- 
ted by canals or pores, and compdsed of. fibres resembling 4 or C-sided 
prisms, diverging from the crown of the tooth : whether these- Hbres 
(the so-called enamel prisms) are agglutinated together by a special in- 
termediate substance, is not yet decided ; a more accurate chemical in- 
vestigation may probably enable us to determine this point. 

According to Hoppe,® the enamel, after the extraction of its salts by 
means of hydrochloric acid leaves structures which present the charac- 
ters of epithelium : the remains of the prismp readi^ fall asunder, and 
do not dissolve on boiling, but break in pieces. 

While the erbwn of the tooth is covered by enamel, the neck and root 
are invested with a layer of cement of varying thickness. The cement 
is a substance presenting the greatest resemblance to bone, and exhi- 
biting the bone-corpuscles or bone-cavities with their prolongations ; it 
differs, howeven, from dense bone in the absence of true Haversian 
canals. 

Histologists have not hitherto succeeded in throwing any great amount 
of light on the chemical composition of these tissues composing the 
teeth, although Berzelius* and Lassaigne have certainly drawn attention 
to the essential differences existing in the composition of the dentine and 
the enamel, and von Bibra* has devoted much attention to the same 

' Zettsoh. f. wisB. Zool. Bd. 2, S. 296-822. 

• Arab.#, pathol. Anat. Bd. 6, S. 170-188. • Op. cit. 

* Lehrb. der Cbem. Bd. 9, S. 653. (4 Aufl.) * Op. oit. p. 276. 
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subject. All that is known regarding the chemical constitution of the 
teeth and their individual histological parts, we owe almost entirelj to 
these observersk 

The chemical composition of dentine is very similar to that of bone ; 
the organic matter consists of gelatigenous cartilage, whilst the mineral 
parts are precisely the same as those occurring in the bones. The quanti- 
tative ratio between the organic and inorganic matters in dentine is 
somewhat varying, approximating very closely in some cases to that 
occurring in the dense bones ; but in the majority of the small number 
of cases recorded, the organic substance amounts to about 28§. A little 
fat is always found to be present with the cartilage. The mineral con- 
stituents of dentine are identical with those of the dense bones, and 
occur in nearly the same relative quantities. The quantity of carbo- 
nate of lime appears, however, to be more variable here than in the 
bones ; from 3 to Sg of carbonate of lime have been found with from 65 
to 678 of phosphate of lime. Berzelius demonstrated that fluoride of 
calcium and phosphate o{ magnesia are also present in the dentine. 

The enamel differs in a chemical point of view from dentine, for no 
cartilage can be obtained from it, whilst the amount of the whole organic 
matter, which, after being treated with acids, appears like a membranous 
tissue, does not exceed 2'() or at most 6'68 of the dried mass. From 81 
to 888 of phosphate of lime, with about 7 or Sg of carbonate, are found 
in the enamel. We have already spoken of the abundance of fluoride 
of calcium present in the enamel. (See vol. i. p. 883.) The chemical 
investigations of this substance have left it undecided whether the phos- 
phoric acid and lime enter into a different combination in the enamel 
and dentine from that occurring in the bones. 

Although the cement of the teeth hhs been most imperfectly examined, 
yet ywi Bibra, Lassaigne, and Marchand concur ia regarding this sub- 
stance as more analogous in‘ its composition to bone than dentine was 
found to be ; it differs from the latter in containing a little more organic 
.matter. 

Lassaigne and von Bibra found on an average a rather larger quantity 
of mineral substances in tbe molars than in the incisors. 

It would appear fsom observations^made by Lassaigne, that the organic 
matter diminishes with age in the teeth as well as in the boqes. 

The comparative experiments of Lassaigne and von* Bibra on the 
teeth of different animals have yielded ^very few results which would 
justify the establishment of general propositions ; the last named of 
these observers could not even discover any definite difference in the 
composition of the teeth of carnivorous and herbivorous animals. 
Bibra’s observations show that there is a striking relative excess of or- 
ganic matter in the grinders of the elephant and the wild boar, and that 
the teeth of these pachydermata contain a very considerable quantity 
of phosphate of magnesia (as much, according to him, as from 6 to 128). 

Carious teeth do not very readily admit of chemical investigation ; 
but it may be observed that, according to Marchand, the tendency of the 
teeth to this mode of destruction may be referred to their containing an 
excess of carbonate of lime. 

The remarks already made concerning the analysis of the bones 
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refer equally to that of the teeth ; excepting only that it is more difficult 
to prepare the materials for examination in the latter case, more especially 
in exhibiting pure enamel or cement ; the best method of* obtaining the 
former of these substances is by heating the tooth to a few degrees above 
100‘’, when one portion of the enamel hecomes spontaneously detached, 
and the removal of adjacent pieces by mechanical means can be then 
readily effected. These detached portions require, however, still farther 
cleaning to remove the tissue of the dentine which may be attached to 
them. In consequence of the difficulty in drying the enamel thoroughly 
when in masses, von Bibra’s method should be adopted, which consists in 
pulverizing the purified enamel, and then drying it. 


CARTILAGE. 

Cartilage belongs to that class of tissues which, although they appear 
to act for the most part mechanically,* and to possess a small amount of 
vital activity, nevertheless exhibit a tolerably composite and very varied 
structure. 

Histological investigations show that cartilage must be classed under 
at least two heads, depending upon structural differences ; namely, true 
cartilage and fibro-cartilage. 

Amongst the true cartilages of the human body we must include those 
of the ribs, the ensiform cartilage, the cartilages of the nose, of the 
larynx and trachea, and the cartilaginous masses investing the articular 
heads of bone. This true cartilage is so far identical in character in 
these parts of the organism, that it exhibits in all cases more car less 
numerous cavities occurring in a tolerably homogeneous mass, and con- 
taining one or more cells with a simple nucleus. This matrix is by no 
means perfectly amorphous ; in most cases it is finely granulated, but , 
frequently it is fibrous. 

The fibro-cartilage composing the intervertebral ligaments, the sgm- 
phyais pubis, ^he claviculo-scapular ligaments, the Eustachian tube, &c., 
contains, in addition to cells, a thoroughly fibrous matrix ; these fibres 
are either parallel to, or intersect one another in various directions, pre- 
sent sharp dark outlines, and exhibit no trace of nuclei. 

These differences, which the microscope reveals in cartilage, admit 
equally of recognition by means of chemical investigation. Muller’s^ 
observations, which were the earliest prosecuted in relation to this .Sub- 
ject, have been followed in more recent times by those of Bonders and 
Mulder.* 

When we examine this tolerably homogeneous matrix of true cartilage 
in a chemical point of view, we find, on carefully treating the triturated 
cartilage witb boiling water, that it is thjs substance, and not the earti- 
lage-cmls, which yields the ohondrin described in vol.*i. p. 862. Thus, 
for instance^ if we boil the cartilage of the ribs from 12 to 48 hours in 

' Pogg. Ahn Bd. 88, S. 296. 

® Versucli einer phys. Chem. S. 058 [or English Translation, pp. 545-669]. 
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the open air (Mulder), or from three-quarters of an hour to an hour in a 
Papin’s digester (Hoppe),* the matrix will be dissolved, leaving only the 
other morphological elements of the cartilaginous tissue, namely, the 
cartilage-cells and their nuclei, which remain undissolved, together with 
vessels and the coagulated protein-bodies of the blood-plasma. Before 
the solution of chondrin is perfectly gelatinized, a small deposit is gene- 
rally formed, and in this these morphological elements may be readily 
and distinctly recognized by the microscope. But there is a slight opa- 
lescence observable even in the clearest solution of chondrin, which is 
owing to the suspension of these cells and their fragments. The chon- 
drin which has been examined by chemists, must therefore always con- 
tain a larger or smaller quantity of morphological elements, which can- 
not be perfectly removed, even by Hoppe’s very admirable mode of pro- 
cedm’e. We cannot, therefore, regard the elementary analyses of 
chondrin as more trustworthy than those of cartilage itself, since we 
have to deal in both cases with a mixture of obviously different bodies, 
and not with a simple chpmical combination. It is alike remarkable and 
worthy of regret that the elementary analyses of these substances should 
have yielded such identical results ; several of our most distinguished 
and skilful analysts having found that the composition of cartilage, 
wiiich abounds in cells, and of chondrin, which contains only few cells, 
although not entirely devoid of them, is almost entirely identical. Set- 
ting aside the cells altogether, there would appear grounds for concluding 
that the conversion of the cartilage into chondrin depends only upon a 
deposition of atbms, and not upon chemical decomposition due to the 
assimilation or elimination of certain elements. * 

According to the micro-chemical investigations' of Bonders and Mul- 
der, the matrix of cartilage has«far leSs power of resisting tho stronger 
chemicil reagents, such as concentrated sulphuric acvl or a strong solution 
of potash, than the cella contained within it. Its behavior towards 
concentrated sulphuric acid shows, however, that even this matrix is 
^not a perfectly pure chemical body. Thus, for instance, on the applica- 
*tion of concentrated, and afterwards of diluted sulphuric acid, the granules 
of the granulated cartilage are less rapidly dissolved than tho matrix 
itself, whilst the fibres of the fibrous mass yield still later to this action. 
It appears, therefore, probable that* the matrix may contain three dif- 
ferent, although very nearly allied, substances. The question whether 
the difference existing in these three substances depends upon a different 
of the very minute mechanical particles, or whether it is of 
a chemical nature, is one which even the latest observations, made on 
the chondrin obtained frpm the decoction of the matrix.^ have failed in 
deciding. The inquiry is rendered the more difficult by the circumstan.ee, 
that the chondrin itself becomes partially changed during the process 
taken to obtain it; chondrin being converted, like glutin, by boiling 
into a substance which does not gelatinize, and is soluble'in cold water. 

The products of the decomposition of chondrin have also failed in 
affiwding us any important results ; we merely know from Hoppe’s ob- 
servations, that chondrin, when decomposed by concentrated sulphuric 

’ De cartOaginam struotura et objndrino, diss. inaag. Berol. 1850. 
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acid, yields (in addition to extractive matters) leucine only, and no gly- 
cine, but when treated with a concentrated solution of potash, glycine 
only, and no leucine, besides extractive matters. 

The fibrous matrix of fibro-cartilage must have a totally different com- 
position from that of true cartilage, as we see from the micro-chemical 
investigations of Donders and Mulder. After exposing cartilage of 
this kind (as, for instance, one of the intervertebral bodies) for a mode- 
rate time to the action of a concentrated solution of potash, or of sul- 
phuric acid, the fibrous character of the matrix, when observed under 
the microscope, is found gradually to disappear, but these agents fail 
equally with concentrated acetic acid in actually dissolving it ; for a close 
examination shows that the individual fibres merely swell and assume a 
gelatinous appearance, and consequently become less perceptible to the 
eye. Donders further observed that, in addition to the cartilage-cells, 
there were fibres situated between these gelatinous bundles, which re- 
mained almost wholly unchanged in the sulphuric acid, and bore some 
resemblance to nuclear fibres, and besides these there were some fibres 
of connective tissue. The fibro-cartilages dissolve for the most part 
on boiling, and leave only a deposit wof granular nuclei and a few cells. 
The gelatinizing fluid obtained from these cartilages exhibits nearly the 
same reactions as the chondrin extracted from the intercellular substance 
of true cartilage. According to Donders, this solution yields only a 
slight precipitate with tannic acid, but on the addition of alum yields, 
like *chondrin, a compact deposit, which, however, does not disappear in 
an excess of the solution. Bichloride of platinum produces a consider- 
able precipitate, which is insoluble in an excess of the test. 

The semilunar cartilages of the knee-joint have commonly been reck- 
oned amongst the fibro-cartilageS, but j. Muller shoAved long since (in 
the case of the shc«p), that they yield no chondrin, but glutin only, on 
boiling. Donders, ^bllikor, and other histologists, agree in considering 
that these cartilages, like the interarticular cartilages of the lower jaw, 
of the sterno-clayicular articulation, and of the Avrist-joint, consist of 
true but very solid fibrous connective tissue, enclosing true cartilage cells* 
in addition to a few nuclear fibres. We cannot wonder, therefore, that 
(as connective tissue always yields glutin) these cartilages should, on 
boiling, yield ordinary glutin or bone-gelatin, notwithstanding the pre- 
sence of cartilage-cells. 

Donders distinguishes a third kind of fibro-cartilage, which he terms 
elastic ; to this class belong the cartilages of the larynx, and the 
external ear, and the cartilage investing the condyle of the lower jaw. 
These structiyres consist of a dense tissue of ^ne elastic fibres, in which 
isolated cells are enclosed. These fibres are not altered by the action of 
a concentrated solution of potash, but the cells disappear after four or 
five hours ; even after the application of sulphuric acid, the elastic fibres 
remain almost unchanged, while the cells are found to have disappeared 
after six or eight hours’ action, and on the repeated addition of water. 

'On boiling these cartilages in water, Donders obtained only a little 
chondrin,oand as elastic tissue generally is not gelatinous, he referred 
this chondfin to the metamorphosis of the cells, the more especially be- 
cause he found that after these cartilages had been boiled for five or 
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more hours no cells could be any longer discovered by the microscope. 
Hoppe, on the other hand, considers that during the process of boiling, 
the cartilage-cells in part escape from the elastic tissue, while the resi- 
dual tissue so completely surrounds the cells that are retained, that they 
can only be recognized by the aid of a compressor, lip is further of 
opinion that, possibly, Bonders might not have sought in the fluid for 
unchanged cartilage-cells, and that he could not see them in the con- 
tracted tissue without using a compressor. 

The present docs not appear a fitting place to enter into a considera- 
tion of the different forms and groupings of the cartilage-cells or cavities, 
of their scattered occurrence or arrangement in rows, of the endogenous 
formations of parent and secondary cells of the first and second genera- 
tions, &c. ; although all these relations could obviously not exist without 
simultaneous differences in the chemical substrata. Our chemical 
knowledge is, however, still too defective to admit of our hazarding any 
conjecture fh reference to the methods by means of w’hich vre may hope 
to ascertain the controlling chemical relations. 

Mulder and Bonders saw the morphological elements of true cartilage 
disappear into very fine granules .when exposed under the microscope to 
the action of a solution of potash, sulphuric acid and water ; the granular 
or slightly fibrous intercellular substance first disappeared, next the 
margin or investing membrane of the original parent-cells (which also 
disappears after prolonged exposure to the action of acetic acid), then 
the membranes of the cells, and finally their nuclei. If from this it 
would seem a ])robablo conclusion that the cell-walls and the nuclei did 
not essentially differ in their chemical constituents from the intercellular 
substance, '^he more especi^-lly as by continuous boiling with water the 
cells appear to be expelled and non vetted into chondrin, yet Mulder and 
Bonders were,led, from the relations of clastic fibroycartilage, to the view 
that the morphological elements of cartilage qjosely resemble, in a 
chemical point of view, the intercellular substance, and that the observed 
differences are only dependent on a varying degree of cohesion of the 
* deposited materials. .The elastic fibro-cartilages, for instance, yield 
chondrin on boiling, while, with the exception of the cartilage-cells, they 
appear to contain no chondrin-yielding substance ; while, on the other 
hand, the semilunar cartilages of thb knae, notwithstanding their con- 
taining an abundance of cartilage-cells, yield only glutin, And not a trace 
of chondrin. It was this last-named circumstance that induced Hoppe* 
to take up the rigid investigation of fibro-cartilage and its relations, and 
he came to the conclusion that the cartilage-corpuscles are imbedded in 
a chondrin-yielding substance within the elastic tissup. He found, 
namely, that after elastic fibro-cartilage had been boiled for three hours, 
a certain amount of chondrin was formed, but that the cartilage-cells 
(for the most part perfectly unaffected) might be observed in the fluid 
as well as in the residual, strongly contracted elastic tissue. (The com- 
pressor was requisite to see them in the latter.) Hence Hoppe concluded 
that cartilage-cells cannot consist of* gelatigenous substance, and was 
led to the axiom that cell-membranes and cell-contents never consist of 
such a substance, and further, that a cell-membrane can never be meta- 
‘ Arch. f. pathol. Anat. Bd. 6, S. 170-188. 
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morphosed into gelatigenoua tissue. Donders has, moreover, essentially 
modified his former view regarding the chemical constitution of the walls 
of the cartilage-cells, and both these experimentalists may be regarded 
as perfectly coinciding in these general statements and results. (See 
“ Elastic Tissue.”) 

Mulder first proved that ohondrin contains a small quantity of 9ul- 
phur; but the amount of this substance in the tissue of true cartilage, 
and whether the sulphur exists in all, or only in some of the morpholo- 
gical constituents of the cartilage, are questions still to be answered. 

Fat has been found in the cartilages to the amount of from 2§ to 
of the dry Mbstance ; it occurs principally in the cells, but is also found 
in solitary globules and in the intercellular substance of true cartilage. 
Small fat-globules may be discovered in almost all cartilage-cells in 
addition to the simple or multiple nucleus, and occasionally the nucleus 
is rendered perfectly invisible by being completely enveloped in fat. No 
very essential difference has been found to exist between thfe fat and the 
fat of other organs. 

The amount of water present in the cartilage, and which must 
obviously exert considerable influence on its physical properties, varies 
in different cartilages, fluctuating between and 70g. No definite 
series of experiments, conducted on a given system, have been made in 
relation to the quantity of water contained in different cartilages, or as 
re^rds the specific gravity of these tissues. 

From 8 8 to fig of mineral iubitancei have been found in the cartilages, 
but the experiment was limited to the cartilages of the ribs, and even 
these have not been examined with sufiicient accuracy. Phosphates of 
lime and of magnesia, chloride of sodium, carbonate of sodS, and (what 
is more remarkable) a large qualitity of sulphates, were found ; but it 
can hardly be doubted that the latter are in part due to the su^ur of 
the organic substanCQ of the cartilage. The occurrence of alkamxe car- 
bonates indicates, as Berzelius^ has shown^: that the cartilaginous 
substance must be partly combined chemically with lime -or soda ; but 
whilst Fromhera and Gugert found upwards of IS-g of casbonate of lime 
in the ash of cartilage, von Bibra’ found at most only traces of alkaline 
carbonates in the costal cartilages of the human subject at different 
ages, as well as in those of animals. The very variable quantity of 
chloride of sohium found in the ash of cartilage (from f g to Sg) would 
seem to indicate that it does not exist in chemical combination in the 
cartilage, but that it originates in the special juicawhich permeates that 
tissue, and which, unfortunately, has not yet been investigated. 

The method^ to be adopted in tlie analynu of ear^aginom tissue are 
sufficiently obvious from the remaidcs in the preceding pages. 

[Much information on bone, the teeth, and Cartilage, will be found in 
Schlossberger^ ** First Attempt at a General and Comparative Animal 
Chemistry,” * now in the course of publication. — 0. e. d*] 

* ‘ LeliA. d. Chem. Bd. 9, 8, 668. » Op. oit. pp. 412-417. 

> Erster .Ig^arsuch einer allgemeinen and yergleichenden Ihierchemie. Yon Jolius 
Bugen Sohlosatergar. Erato Ltoferung. Stuttgart, 1864. 
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COITNECTIVE TISSUE. 

The term connective or areolar is applied to a tissue which is chemi- 
cally allied to cartilage, although of a simpler character, and is under- 
stood by histologists to comprise not merely that porous, soft, cellular 
tissue, characterized by the readiness with which it may be filled with 
air, which connects together the organs and various tissues of the animal 
organism, and was formerly termed cellular tissue, but also those mor- 
phological elements which constitute the solid basis <x the main 
constituent of no inconsiderable number of animal membranes and 
ligaments. This tissue, uniting the organs with one another, which 
forms a network of variously sized meshes, composed of long slender 
fibres, for tbe most part combined in bundles, has been named amorphous 
connective tissue, but it very gradually passes into the formed^ variety ; 
the serous membranes and muscular fasciae contain a dense network of 
rather large meshes ; when the bundles of fibres follow a more definite 
direction, and approximate more jclosely to one another, forming dense 
striated masses, tendons and ligaments will *be the tissues developed 
from them. The connective tissue may also, to a certain extent, impart 
their form to the burs® mucos®, to the matrix of the mucous membranes, 
to some of the above-mentioned interarticular cartilages, to the sub- 
mucous areolar tissue of the intestine (the Tunica nervea), to the dartos, 
to the longitudinal and annular fibrous coats of the veins, &c. 

Unfortunately, however, a careful microscopico-mechanical examina- 
tion shows that the tissue we are investigating is not a simple one. All 
its parts contain, without exc«ption,* hetero^neous matters, differing 
both mechanically and chemically from the substance of the true con- 
nective tissue ; and hence chemists have hitherto .been unable to make 
an analysis of this tissue in a,perfectly unmixed condition. In addition 
to vessels, nerves, fat-cells, and similar structures, the connective tissue 
constantly exhibits elastic fibres {nuclear fibres), and* very frequently 
also smooth muscular fibres. As these intermixed parts do not admit of 
being mechanically separated from true connective tissue, such tissues 
only have been selected for chemicdl analysis as present the fewest of 
these morphological elements. On this account the tdbdons, for in- 
stance, have been chosen for analysis. But when so accurate an analyst 
as J. Scherer* has found that the chemical elements are in the same 
numerical relations in tendon, notwithstanding this admixture, as in the 
glutin produced from connective tissue, we cannot wbpUy reject the 
assumption that the connective tissue possesses the same elementary 
composition as glutin. Much weight cannot, homsver^ be attached to 
conclusions drawn from the best elementary analyses of these substances 
with high atomic weights ; for even the fact that the tendinous tissue 
intersected with elastic fibres was found to present the same ultimate 
composition as the glutin produced only from the fibres of connective 

‘ [The terms amorphous and formed connective tissue were introduced by Henle ; they 
correspond to the loose and solid connective tissues of Kolliker. — o. b. n.] 

2 Ann. d. Ch. u. Pharm. Bd 40, 8* 1-46. 
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tissue in the tendons, sufficiently proves that our analytical methods ar> 
not very sensitive in detecting slight admixtures of even very differen 
substances. We should, however, be guilty of rashness, if we regardei 
it as an established jjact, that the connective tissue is isomeric witi 
glutin ; for the constitution of the latter has not been determined WitI 
certainty. ? 

On placing connectave tissue in boiling water, it usually at first c<m 
tracts, but soon swells up, assumes a gelatinous form, and dissolves afte 
prolonged boiling (the length of time depending upon the denuty of th 
tissue, or the minuteness of its previous division). It contracts also in 
slight degree, and thus loses the tendency to putrefaction, when treate 
with biemoride of mercury, 'alum, basic sulphate of iron, and tannic acid 
If the connective tissue .is treated for a prolonged time with dilute acid 
or alkalies at the boiling-point, it is found to be much more rapid! 
metamorphosed into glutin than when it is boiled in mere water. 

The connective tissue swells in concentrated acetic acid and become 
transparent, or at all events this is the case with the tendons, ligament; 
&c., which are chiefly formed of this tissue ; but this gelatinous mass i 
only thoroughly dissolved on the addition of water and the applicatic 
of heat, and neither red nor yellow prussiate of potash produces an 
precipitate from this acetic-acid solution. The true fibres of the cot 
neotive tissue are found by micro-chemical investigation to swell on tl 
addition of dilute acetic acid, and to become transparent, till they finall 
altogether disapppear; but they are not actually dissolved even.afti 
many hours’ exposure to this action, for on washing with pure water, < 
on neutralizing the acid with ammonia, they may be rendered perfect! 
visible in their original form. As most of the other textural elemen 
which are intermixed wiJli the connective tissue are not similarly affeetc 
and rendered invisilje by acetic acid, they are brought more distinct! 
in view by its application ; and hence tiiis agent becomes a valuable a; 
to the histologist in his study of the tissues. 

The fibres of connective tissue also swell and assume a gelatinous for 
in alkalies, but after the prolonged action of the alkali they cannot t 
again brought to view by the addition of water, being completely dr 
solved. 

. Wo thus close our remarks on ‘these three groups of tissues, whir 
wene all indicated as gelatigenous, even by the older histoloi^sts, and*) 
which the most recent investigations have recognized a very surpriah 
analogy. Tho labors of Virchow,’ Donders,* and Kblliker,’ have tkjrof 
much light upon this subject. Donders and Virchow especially coinci 
in this point, that the gelatigenous intercellular' substance of th^ tk»c 
does not originate from cells, but is directly separated lixmiA plaB^ 
fluid, while the other elements in these cases (as for instance, in hoiu 
the bone-c(M'pdsdes with their prolongations ; in cartilage, the cartilag 
ceUs ; and in connective tissue, the nuclear or elastic fibres with tin 
nuclei) are primarily formed from cells. Kbllikeris also convinced 
the nuclear fibres are undoubtedly not formed from the nudbi of t 

‘ Verbaudl. d. phvs.-m«d. Ges. zu Wiirzburg. Bd. 2, 8. l^iO u. 814. 

* Zflklbb. f. Wis8. Eool. Bd. 8, 8. 848. 

* Verhandl. d. phys.-raed. Oes. zu Wiirzburg. Bd. 8, 8. 1. 
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cells of embryonic cot^otke tissue, but from the cell-walls, but he 
denies ibat the fibrillse ^ connectire tissue are a direct deposition from 
the cytoblastema. 

We must not here overlook the fact, which is remarkable in a dhemioal 
point of view, that the embryonic connective tissue, acoordiiig to Scherer, 
contains.no gelatin, but consists, in addition to fusiform cells, of a pecu- 
liar intercellular substance, which on digestion with water yields not only 
albumen, but a gelatinous or mucous substance. Virchow has proposed 
the term “mucous tissue” for this class of structures, of which the gela- 
tinous substance of Wharton (in the umbilical cord) affords the best ex- 
ample. 


ELASTIC TISSUE. 

The elementary fibres of this tissue are somewhat extensively distri- 
buted in the animal organism, although they seldom occur in sufficiently 
largo quantities to form special organs ; they occur, for instance, in the 
yellow elastic ligaments (the ligamenta flava of the vertebral (golumn, 
the inferior vocal cords, the ligamentum nuchse of mammals, the elastic 
ligaments of the claws of animals of the Felidae, and the hinge-ligament of 
bivalves). We meet with larger groups of clastic fibres connected *into 
membrane-like sheaths in the fascia lata, and in the middle coat of the 
arteries and veins. Smaller accumulations of elastic fibres also occur in 
many other parts, as for instance, in the corium,- and under the mucous 
membrane, more especially ip th^ pharynx, the pylorus, the emeum, &c. 
We nee4 only observe here that the elementary fibjjes of this kind are 
met with under different forms of grouping, either in wide-meshed or 
very intricately formed nets having hook-like indentations ; as fenestrated < 
membranes e;iwibiting tolerably large intervals, and resembling an anas- 
mmosing vascular network ; or lastly, only as bundles or fibres twining 
around other tissues in a spiral manner. It is at the present day as- 
sumed by most histologists, that these true elastic fibres, which occur in 
the form of flat, rather broad, somewhat brittle, and much reifying 
bands, are perfectly identical with those far narrower, spirally coiled 
nuclear fibret^ which are often studded with nuclei, and are invariably 
present in connective tissue ; and they have arrived at this conclusion, 
partly from watching' idie development of these tissues, and partly because 
the lightest transition from one feu’m to the other admits of recognition ; 
moreover, the chemical reactions of the two forms do not* indicate any 
difference between them. 

The elastic fibres never occur independently of’other histological 
elements, however much they may predonunate ; most commonly they 
are found intermixed with the fibres of connective tissue, very frequently 
also with smooth muscular fibres (Kblliker’s fibre-cells),’ as in the middle 
coat of the arteries. Close to the fenestrated coat,, the elastic fibres, 
intermingling in part with nuclear fibres, merge into the so-called con- 
‘ Zeitsohr. f. wias. Zool. Bd. 1, S. 78-82. 
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tractile tissue, wliich is principally formed of tli^e smooth fibres, to which 
they undoubtedly owe the property of contracting under the sMfttion of 
cold (Schwann)* or magnetic electricity (E. II. and E. Weber^). The 
elastic fibres themselves are wholly deficient in animal contractility, and 
are only distinguished for their extraordinary elasticity, a property which 
is not destroyed by spirit, or by boiling (J. Muller). 

The chemical investigations of clastic tissue which have been hitherto 
made, have unfortunately not led us to any clear knowledge of its con- 
stitution and general chemical relations. J. Miiller^ and Eulenberg'* ob- 
tained by the prolonged boiling of elastic tissues, a non-gelatinizing fluid, 
wliich yielded some reactions similar to those afforded by long-boiled 
chondrin. Mulder and Donders^ failed, on the other hand, in obtaining 
any gelatinous substance, after forty hours’ boiling, from well-purified 
clastic tissue, which had been freed from all admixture of connective 
tissue and fibre-cells, by means of acetic acid and a solution of potash ; 
and they also found on making a micro-chemical examination, that the 
fibres were entirely unchanged. 

M. S. Schultze^ has arrived at the conclusion, that the purified elastic 
fibre of the arterial coats is but slightl^^^, or not at all changed, even after 
it has been boiled for sixty hours with water ; whilst on the other hand, 
it becomes converted into a brownish, non-gclatinizing fluid, which has an 
odor of gelatin, after thirty hours’ boiling at the temperature of 160 ° 
in a Papin’s digester. Tliis fluid W’^as precipitated by tannic, picric, and 
kinic acids, tincture of iodine, and corrosive sublimate, but not by other 
reagents wliich commonly precipitate chondrin. We cannot conclude 
with Scliultze, from these reactions, that the elastic tissue yields gelatin ; 
for it would, in our opinion, be attaching too wide a significance to the 
idea of gelatin, were we to apply’ this name to substances which do not 
gelatinize, and merely yield percipitates with tannic acid and similar 
substances, which precipitate a great number of organic matters, and 
in other respects, exhibit only negative properties. In that case we 
should be compelled to include Mulder’s tritoxidc of protein under 
the head of gelatin, and to denominate as gelatigenous numerous other 
matters, such even as albumen, since when boiled in water under high 
pressure and at a high temperature, they yield substances which are 
soluble in ^vatcr, although they do not gelatinize. 

Acc()rding*^to the investigations of llonders and Mulder, elastic fibre 
is entirely insoluble in cold concentrated acetic acid. It is only after 
continuous boiling for some days in this acid that it gradually dissolves. 

When heated with moderately diluted hydrochloric acid^ it dissolves 
with a browu color; the dissolved substance is soluble in water and in 
alcohol. 

Xanthoproteic ?cid is formed by the action of nitric acid. 

According to Zollikofcr,^ when pure clastic fibre is digested in sul~ 

* Muller’s Hatidb. dcr Physiologie. Bd. 1, S. 170, u. Bd, 2, S. 20 [or English Transla- 
tion, Vol. 1, 2d edition, p. 218, and Vol. 2, p. 87G]. 

2 Bcrichte der k. saclis. Gessellsch. d. Wiss. 1849, S. 91. 

» Pogg. Ann. Bd. 28, S. 311-313. 

* l)e tela clastica; diss. inaug Berol. 183G. 

* Mmldcr’s Vers, einer phys. Chem. S. 594 [or English Translation, p. 643]. 

® Ann der Ch. u. Pharm. Bd. 71, S. 277-295. 

7 Ibid. Bd. 82, S. 108-180. 
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diluted witj^ I J times its weight of water, it yields Icueinc 
only, and no glycine. 

j^Wo may here remark, that Zollikofer recommends the following as 
the best method of preparing louciiie. Take elastic tissue (for instance, 
the ligamentum nuchoc of the ox), purify it by extraction with boiling 
acetic acid and with water, and afterwards boil it for forty-eight hours 
with sulphuric acid of the above-mentioned strength, then neutralize 
with milk of lime, boil the pulpy mass that is now formed, and filter. 
During the evaporation of the filtered fluid on the sand-bath, the lime- 
salts that become deposited must be as far as possible removed. On 
further evaporation in the water-batli, the fluid readily yields crystals of 
leucine. No glycine (as is remarked above) is formed, and the leucine 
may be purified without animal charcoal by mere recrystallization in 
spirit and alcohol. — o. E. D.l 

Elastic tissue remains unchanged for a long time, at an ordinary tem- 
perature, in a moderately concentrated siolution of 2 >oiu»h. and it is only 
after it has been heated for some days that it becomes converted into a 
gelatinous mass. 

I^ure elastic fibre cannot be obtained by mechanical means, but must 
be procured, as we have alreatly observed, by rcino^ ing the fibril lue of 
celluhir tissue and the fibre-cells by boiling with acetic acid, and then 
adding a dilute solution of potash. 

Tilarius found in the elastic substance of the ligamentum nuchas, jifter 
it had been purified in the above-described manner, 55*75 J] of carbon, 
7*41 [[ of hydrogen, and 17*74g of nitrogen. Wo do not think tliat any 
reliable formula can be obtained from this analysis, even by the lielp of 
the analysis of the chlorine compound. 

Donders^ has recently come to the ilew, that all cvll-memhranf*s con- 
sist of a substance identical with, or at all events, vory similar to elastic 
tissue. This opinion is specially based on histological grounds, and 
rests^ on the one hand, on the development of clastic tissue and espe- 
cially of nuclear fibres from tlie walls of cells, and on the othc*r hand, 
on the circumstance that certain membranes and textural olciuents, 
which in their physical and chemical properties closely approximate to 
clastic tissue (as for instance, the sheaths of the nerves), may be found 
to be formed from cell-membranes. According to Donders, the walls of 
all true colls, whether occurring in the ncurolemma, the capsule of the 
lens, &c., have the following physical and chemical properties in com- 
mon with one another and with the clastic tissue obtained from tliem. 
The physical properties are their structureless, glossy character, their 
transparency, elasticity, strong refractive power, and a specific gravity 
higher than that of water. The chemical properties are their insolu- 
bility in water, alcohol, and ether (all the physical properties remaining 
unaffected by the application of these reagents) — their insolubility in 
acetic and other vegetable acids — their difficult solubility in dilute sul- 
phuric, hydrochloric, and nitric acids — their insolubility in ammonia, 
and their slight solubility even in concentrated solutions of soda and 
potash — their swelling in acids and alkalies, and their alkaline solutions 
gelatinizing — their difficult solubility in boiling water, and the absence 

• Zeit-ch. f. wiHS. Zool. Bd. 3, S. 318-.%8, and Bd. 4, S. 241! -251. 
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of gclatinization in the solution. The animal cellulose is rendered yellow 
by nitric acid, then after the addition of ammonia, orange ; the color 
is scarcely affected by hydrochloric acid, or by a mixture of sugar 
and sulphuric acid ; it is turned red on the application of Millon’s test. 
Acetic acid throws down from the alkaline solution a substance which is 
insoluble in an excess of the reagent, and possesses the main characters 
of animal cellulose ; it does not readily become decomposed, even in 
morbid processes, if we except fatty degeneration. 

However important such generalizations of the facts in our possession 
may be for histology — however such- general views may throw light on 
the further progress of this science, and may open out future paths of 
inquiry, it would be by no means expedient, in the present state of our 
knowledge, to regard all cell-membranes as perfectly identical with the 
substance of elastic tissue ; for independently of the circumstance that 
the above-mentioned properties are not found in every cell-membrane 
and in every elastic membrane, we know how differently reagents often 
act on cells and tissues, according to their age or the state of their de- 
velopment. Further, it can scarcely bo questioned that the walls of 
very young cells, as for instance, blood-corpuscles, pus-corpuscles, the 
deepest epidermic and epithelial cells, and the cells of the glandular 
follicles (Kblliker), are composed of a protein-body, that is to say, a 
substance far more nearly allied to albumen and fibrin than to the ma- 
trix pf clastic tissue, seeing that they arc readily soluble in acetic acid, 
and in very dilute alkalies. 


HORNY TISSUE. 

In former times the tissues belonging to this class were regarded as 
amongst the simplest in the animal organism, and considered merely a^ 
different forma <Jf one and the same matrix, which certain chemists were 
ready enough to discover, and to designate by the term Keratin. The 
zealous labors of recent histologists have, however, shown us that even 
these apparently homogeneous tissues have a complicated, and in many 
respects, a variable structure. ^J’here exists the same correspondence 
between the structure of the epidermis, the nails (claws and hoofs), the 
horns, and whalebone, as that which we observe in the chemical consti- 
tution of these tissues, all of which are so far analogous to one another 
that they prooeed from cells or nucleated vesicles, which are not mor- 
phologically developed like the cells of other organs, but to a certain 
extent dry up, and* are only agglutinated together by an intercellular 
substance, which often does not very readily admit of detection. They 
also exhibit groat resemblance in a chemical point of view, for when com- 
pared with other tissues they all contain a large quantity of sulphur in 
combination with a substance, or with atomic groups, whose origin from, 
or affinity with the so-called protein-bodies cannot be denied when we 
consider their beha\dor towards certain reagents, and their percentage 
composition. Although we are still far removed from a correct know- 
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ledge of the chemical constitution of these tissues, or rather of their 
elements, chemistry lias, nevertheless, very largely contributed to place 
the question of the histological conformation of these tissues on a level 
with the present state of science ; in confirmation of which we need only 
indicate the admirable labors of Bonders^ and Mulder, of Paulsen,^ 
Kblliker,^ and several other observers. 

The questions to which the present condition of histological inejuiry 
leads the chemist in his examination of the horny tissues, are briefly 
these : Is there a substance wdiich holds together the cells of these tis- 
sues, agglutinating them to a certain extent, and, if so, what arc the 
chemical properties and the composition of this substance ? What is 
the chemical character of the morphological constituents of these dried 
cells or vesicles of the horny tissue V What is the nature of the ccll- 
membranc, and of the nuclei which exist in almost all of the (iclls, and 
finally, of what do tlie generally dried contents of these cells consist V 
Are the morphological elements identical in different kinds of horny tis- 
sue, or do they often differ essentially from one another, as various re- 
actions would seem to indicate ? What is the constitution of these mor- 
phological elements in thd: newly, forming or just formed cells in the 
vicinity of the reie inucoHwrn of the skin or the mucous layer of the 
nails? What metamoriihoses do analogous elements undergo during the 
gradual drying and the alterations in form of the originally filled spheri- 
cal or oval cells ? 

It unfortunately happens that the chemical investigations hitherto in- 
stituted on this subject bavc contributed rather to the suggesting than 
to the answering of those questions ; for although chemical reagents 
have enabled us duly to examine the morphological elements of the 
horny tissue, chemistry is still wholly* incompetent to indicate the posi- 
tion which, from its form, each structure ought to fvjcupy in tlft series 
of organic atomic groups. We should consider it a great step in advance, 
if we knew how to isolate any one of the morphological constituents of 
the horny tissue, in the same manner as we can isolate clastic fibre by 
chemical means from the yellow ligaments or the luiddlo coat of the 
arteries. Tlie different horny tissues have hitherto been regarded Ly 
chemists simply as homogeneous bodies, and analyzed as such, after tliey 
had been freed by indifferent solvents from fat, salts, and the so-called 
extractive matters. Although these kinds of analysis Tiavc most fre- 
quently been conducted under Mulder’s superintendence, no one is more 
thoroughly convinced than Mulder himself of their insufficiency in re- 
spect both to the liistological a^d chemical knowledge of these tissues. 

We abstain from entering more minutely into the c^msideration of 
the internal structure of the different horny tissues, as the observations 
already made on this subject will sufficiently explain the state of our 
chemical knowledge of these structures. The micro-chemical reagents 
to which we are now about to refer, afford, as wo have already observed, 
a closer insight into the histological than the chemical constituents of 
the horny tissues. 

* HolLlmlische Beitnlge. Bd. I, S. 39 ti. 120, and Mulder’s Vers. ein. physiol. Cbem. 
S. 642-679 [or English Translation, pp. 493-630], 

* Observationes mikrochemic«! ; diws. inaiig. Lorpatl Liv. 1848. 

» Mikrosk. Anat. Bd. 2, S. 58-02, u. 85-88. 
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The horny tissues become gradually loosened when treated with cold 
or warm wate7\ The epidermis is rendered so soft after prolonged 
soaking, as to admit of being easily broken down, and separated into 
individual cells, or smaller accumulations of them. The cells themselves 
are rendered more distinct ; the extremely thin, irregularly formed epi- 
dermic plates appear somewhat swollen and faintly granulated. The 
nucleus, if one be present, becomes more distinct. The cylindrical or 
round colls of the rete mucoHum^ which contain a iiucdcus, and resemble 
vesicles expanded with fluid contents, are but slightly altered by the 
action of water. 

The nails arc on the whole very similar to the epidermis ; hqjjvevcr 
they only swell in water and become softer, without admitting of being 
triturated. 

Horns and hoofs soften in water, especially on the application of heat, 
and then commonly developc a little sulphuretted hydrogen. The cel- 
lular structure cannot easily be recognized under the microscope, even 
after the tissue has lain for a long period in water ; scarcely anything 
beyond fibres, which often appear to be torn, can be detected. 

Water produces no visible alteration on whalebone or tortoise-shell, 
whether it be applied hot or cold, and however long it may be suflered 
to act u])on either. 

The best reagents for exhibing the cellular structure of all these 
tissues arc highly concentrated solutions of the camtic alkalies ; in 
many cases caustic soda^ as recommended by Kdllikcr, is preferable to 
caastic jwtash. A dilute solution of potash or soda, especially. on the 
application of heat, acts, however, more rapidly u[)on the epidermis, and 
exhibits its cellular structure far bett(n* than the concentrated solutions. 
The concentrated solutions rendei the ^>j)idcrmic plates roundish, pale, 
and STn|||lcr ; audit is only after a prolonged action that they swell, 
and distinctly exhibit their cellular form. Dilute alkalies convert the 
epidermic plates, in a short time, into oval or spherical clear vesicles, 
without a nucleus or granular contents. The cells of the rete vmcosuin 
show still more distinctly that the nuclei of the epidermic cells are sooner 
and more rapidly dissolved than their cell-membranes ; for if the epi- 
dermic cells are exposed to the prolonged action of hot solutions of 
caustic alkalies, the cell-walks become dissolved, so that there only re- 
mains a small gritty and partially granular mass. 

A solution of potash acts upon the substance of the nails in the same 
manner as upon the epidermis, converting it into a mass of colorless 
non-nucleatod vesicles ; hut, according Kblliker, a dilute solution of 
caustic soda brings into view the most beautiful polygonal or oval cells, 
with distinct nuclei. 

The fibrous structure of cows’ horn disappears under the prolonged 
action of a concentrated solution of potash, but no cells (especially nu- 
cleated ones) become distinctly visible until water has been poured over 
the object. After repeated neutralization with sulphuric, or even acetic 
acid, the cells generally appear in the form of oval or spherical vesicles 
without contents ; the nuclei have consequently disappeared. 

Whalebone consists, according to Mulder and Bonders, who have sub- 
jected it to a very exact histo-chemical examination, of thin lamellae, 
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which lie parallel to the outer surface, and to the tubular system which 
resembles the medullary canals. Each of the laniellai consists of a 
number of compressed cells, ivhicli are brought into view by the action 
of water after they have been treated with concentrated caustic potash. 
In this case, also, the cell-wall resists the action of the reagents for a 
much longer period than the nucleus and the other contents. 

The same observers were also the first who accurately examined tor- 
toise-shell ; they found that this tissue also breaks up into polygonal 
and oval cells on the application of caustic alkalies, although a much 
more prolonged action of the potash is necessary here than i)i the case 
of the above-described horny tissues. The cells are not very readily 
isolated, and it is only on the addition of water that they apj)ear indi- 
vidually ; they are without nuclei, but always contain a slight amount 
of granular substance- Moreover, independently of the cells, granular 
matter is always perceptible on the addition of w'ater. 

Acetic acid., even when concentrated, scarcely produces any action on 
epidermis, even after it has been softened by water ; but by prolonged 
l)oi]ing with concentrated acetic acid, the scales become isolated, and 
swell into extremely pale, disteruled, but still somewhat flattened vesi- 
cles, entirely devoid of granules or nuclei- According to Kbllikcr, the 
W'alls of the epidermic cells do not dissolve, but only those of the cells 
of the rote mucosiim. 

Acetic acid acts upon the substance of* the nails in the same manner 
as upon the epidermis, only with less rapidity ; it generally cjius^s the 
nuclei of the cells to come beautifully and prominently into view. 

Cows’ horn is very little affected by the action of concentrated acetic 
acid, even after prolonged boiling ; and the microscope detects oven still 
less alteration in whalebone or, tortoise-shell that has been acted upon 
by this acid, although the former is converted into a gelatinous i^bstanco 
when boiled witli the concentrated acid. 

The epidermis very rapidly swells in concentrated siilplntric acid, 
exhibiting vesicular cells which become even more distemlod on the addi- 
ction of water. The cells of the retc remain ivichaugcd in cold 

sulphuric acid, but when boiled they are completely dissolved. 

Concentrated sulphuric acid acts very slowly oii the substance of the 
nails, but on the application of heat it brings into view, in tlui course 
of a few minutes, flat, polygonal cells, some of which ai^ provided with 
nuclei. 

It is only after the prolonged action of concentrated sulphuric aci<| 
for many hours that cows’ horn gradually rcvsolvcs itself into cells. 

Whalebone is gradually converted, by this acid, into a mucous mass, 
in which the cell-membranes may be distinctly recognized. 

Sulphuric acid exerts an equally inefficient action on tortoise-shell, 
and it is only after prolonged soaking or boiling with concentrated acid 
that cells can bo detected in the gelatinous swollen mass ; but even these 
are not isolated. 

Concentrated nitric acid imparts a yellow color to most horny tissues, 
and isolates the cells of some, without, however, bringing them distinctly 
into view^ 

These tissues have, as we already observed, been subjected to' elc- 



218 


HORNY TISSUE, 


mentary analyses, after having been previously treated with alcohol and 
ether. In order to exhibit the analogy of their composition, we subjoin 
the empirical results obtained from the analyses of Scherer,^ Mulder, 
Tilanus,* and van Kerckhoff.* 



Epidermis. 

Nails. 

Horses’ 

hoofs. 

Cowa’ horn. 

Whalebone. 

Tortoise- 

shell- 

Carbon, 

50-28 

51-09 

51-41 

51-03 

51 -86 

64-89 

Hydrogen, 

6-70 

6-82 

6-90 

6-80 

6*87 

6 56 

Nitrogen, | 

17-21 

1(5 00 

17-46 

16-24 

15-70 

16-77 

Oxygen, 

25 01 

22-39 

1904 

22-61 

21-97 

19-56 

Sulphur, 

0-74 

2-80 

4-23 

3-42 

3-60 

2-22 


Those tissues differ also in the quantity of inorf;anic matter which 
they contain, but this difference does not vary much beyond 1§. 

On boiling those tissues with a solution of potash, they generally, as 
we have already seen, become dissolved, with the exception of a compa- 
ratively very small residue : a large quantity of ammonia is developed, 
and the fluid contains much sulphide of potassium, the presence of which 
may be detected immediately after the first application of the alkaline 
fluid. When the alkaline solutions arc saturated with acetic, hydro- 
chloric, or other acids, precipitates arc formed, which, according to 
Mulder, clifier in the character of their composition. These deposits 
exhibit the property of adhering together, and forming almost resin-like 
masses on being heated in w^ater. Mulder includes them amongst his 
protein-oxides. 

It will scarcely be necessary, after this notice of the reactions exhi- 
bited by these tissues, to remark that our knowledge of their chemical 
histor;y is still too deficient, in a histological point of view, to afford any 
satisfactory reply to *thc questions already propounded. For although 
Mulder,^ in his most recent communications, has calculated formulae 
from his experiments, and has been consequently led to regard all these 
tissues as coinhinations of 'protein or protein-oxides with sulphamide^ 
this hypothesis must certainly be limited to one of the main constituents 
of the horny tissue only, and cannot refer to the whole mass. Every 
horny tissue contains at least three different kinds of substances : namely, 
the substance of the cell-membranes, which is so difficult of solution in 
alkalies ; the ccll-contcnts, including the nucleus, which dissolve more 
readily in alkalies ; and the granular matters, consisting by no means 
of fat solely, which remain after the complete solution of some of these 
tissues, and are wholly insoluble in alkalies. These three chemically- 
dcmonstrable matters can hardly be regarded as isomeric or polymeric, 
and could not, even in that case, be brought forward in support of the 
Bulphamide hypothesis. 

The principal portion of every horny tissue is formed, as we have 
already observed, by the cell-membranes ; their contents and the nucleus 
being so subordinate to these that the elementary analysis of such a 
tissue, must be regarded as giving an average expression for the compo- 

* Ann. d. Ch. u. Phjirm. Bd. 40, S. 1-45. * Scheik. Onderz. D. a. 

• Ibid. Untersuch. ubers. v. Volcker. II. 2, S. 272. 
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sition of these cell-membranes. They do not behave, however, as if 
they consisted of a sulphainide compound, for micro-chemical examina- 
tion shows that the ammonia and sulphuretted hydrogen which we sec 
developed on the macro-chemical treatment of these tissues with even 
very dilute alkalies, are not derived from the main substance — that is 
to say, the cell-membranes — but must originate in the cell-contents, or 
what is still more probable, in the connecting medium. If therefore a 
sulphamide of protein actually exists, it must be sought for in the 
tissue connecting the cells of the liorny tissue, or, at all events, in their 
contents. 

Although this connecting medium or true intercellular substance of 
the horny tissue can certainly not be detected by the microscope, it can- 
not possibly be wholly wanting; for independently of the fact thnt some 
of the above-described micro-chemfcaJ reactions testify to its existence, 
it would not be easy to understand how the cells formed in the mucous 
layer — the true matrix of this horny tissue — and driven forward, and 
gradually drying during the growth of the tissue, could entirely div(‘St 
themselves of the adhering plasma. The cell-contents and the inter- 
cellular substance, the cell-wall ayd the nucleus, must stand in the active 
living cell, not only in a physical, l)ut also in a chemical antagonism ; 
and cannot possibly so far lose this diversity of cliaractor in the dried, 
atrophied, or disintegrated cell, as to form a chemically homogeneous 
substauco, a simple sulphamide compound. 

These remarks are, by no means, intended as an attack on IVfuldcr, 
whose labors, even on this subject, are very valuable. 


THE HAIR. 

• If we arc scarcely able to arrive at a clear or distinct view of the 
chemical relations of the morj)hological elements of tlie comparatively 
simple horny tissues, we are still less able to do so in reference to the 
far more complicated tissue of the hair. On examining a hair, we find 
that there arc at least three morphologically difTcrent substances brought 
under our notice ; namely, the cuticle, the cortex, and the medullary 
substance. 

The cuticle of the hair consists of plates arranged in the manner of 
tiles, one above the other ; these are rendered more visible, accoi ding to 
Bonders and Kolliker, by the use of those reagents wliich cause tlic 
corticab substance of the hair to swell, as, for instance, sulphuric acid, 
or caustic potash or soda. This scaly covering of •the hair is not itself 
affected by such reagents, but by friction, individual scales may he 
isolated, which then appear extremely transparent and quadrangular, and 
are devoid of nucleus or other contents, although they are generated 
from perfectly normal cells, as is seen by examining the root of the 
hair. Kolliker^ draws attention to the fact, that these epithelial scales 


* Mikroiik. Anal. lid. 2, S. 122. 
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OH the hair diflcr from the otlicr cleniciits of the hair, and from all the 
constituents of other horny tissues, by their perfect insolubility in alka- 
lies and concentrated sulphuric acid. We do not, however, agree with 
the supposition of Donders,^ based on this mechanical relation, that 
these scales consist of a protein-compound. 

The cortical or fibrous substance, constitutes, as is well known, the 
principal part of the hair. By the use of the reagents above referred 
to, namely, concentrated and gently heated acid!, this substance 

separates into flat, long fibres, which again divide into long, very narrow 
pliites, having a dark, elongated nucleus. After prolonged digestion 
with a dilute solution of 2>ota8h^ the cortical substance dissolves, with the 
exception of these long, spindle-shaped nuclei. Even if these plates 
did not so plainly bear the stamp of cell-formation, they would readily 
be recognized as cells by examining the corresponding part of the root 
of the hair. These plates gradually shorten, and the elongated nuclei 
become thicker towards the root of the liair, and at length, in the lower 
part of the root, we find oval or roundish cells with oval nuclei. 

Kdlliker’s observations show, that here also the chemical metamor- 
phosis cov^jesponds With the change of form, and that the cells of the 
cortical substance in the lower part of the root of the hair are not 
meredy more easily aflected by alkalies and concentrated sulphuric acid, 
than the fibre-cells of the same substance, but that they become swollen, 
and are in part dissolved even by acetic acid, which produces no ciTect 
on the' other cells. According to Kbllikcr, there are within the fibrous 
substance certain cavities filled with air, and also accumulations of pig- 
ment-granules, the quantity of which varies with the color of the hair. 

The inner portion of the hair is coTnpose<l of the medullary substance, 
the nature of which cannot be recognized distinctly until tlie cortex has 
been rendered transparent by the action t)f alkalies. It consists of 
closely arranged rows of quadrangular, or more rarely, round cells, 
w’hich, after the above-mentioned treatment with potash, are seen to 
contain dark fat-like granules, in addition to a clear roundish or oval 
speck (the rudinvnit of a nucleus). Many of these roundish gray 
granules arc observed between these cells in fresh hair, that has not been 
treated with potash. Kolliker^ has shown by several admirable experi- 
ments, that tlie dark granules which occur in colored as well as in white 
hair, are, for the most part, mere cavities filled with air occurring between 
and in the dried medullary cells. 

Such are the most important histological grounds on which a rational 
chemical examination of the tissue of the hair must be based. Unfortu- 
nately, however, chemists have hitherto been unable to analyze the hair 
when considered from this point of view. We have some admirable 
observations on this subject by Scherer® and Van Laer,^ who, although 
they have not investigated the chemical constitution of these parts in 
accordance with histological requirements, have yet exhibited the great 
analogy subsisting between the substance of the hair and other horny 
tissues, and have, moreover, successfully elucidated several important 
points involved in the inquiry. 

‘ Vers, einer physiol. Chem. S. 672 [or English Transl. p. 623]. 

* Op. cit, p. 1 15. 3 Ann. d, Ch. u, Pharm. Bd. 40, S. 68-03. 

Mbid. Vol. 45, pp. 147-183. 
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Scherer's elementary analyses of the hair correspond with those of 
Laer, excepting that there is a slight difference in the amount of hy- 
drogen : 


Carbon, ..... 

Hydrogen, ..... 

60-65 

6-80 

Nitroigen, ..... 

1714 

Oxygen, 

20*85 

Sulphur, . . _ . 

600 


Like most other horny tissues, the hair dissolves, with the exception 
of a few line molecules, on prolonged digestion in a solution of potnsb, 
there being at the same time a development of ammonia. The solution 
yields, on the addition of acetic acid* a slight deposit, which is a less 
oxidized protein compound than the far more considerable precipitate 
produced by the addition of a larger quantity of acetic acid ; the latter, 
which is Mulder’s deutoxide of j)rotein, contains sulphur, and entirely 
agrees in its reactions with the substance which is obtained by tlie pre- 
cipitation of the alkaline solution of other horny tissues on the action of 
acids. Mulder also regards the substance of the hair as a siilphninido 
compound. No conclusions can^ he drawn froiti any analyses hitherto 
made in reference to the nature of the individual constituents of the 
hair, as, for instance, its connective tissue, cell-contcnts, &c.. 

Notwithstanding the closest search, Jjaer was uruible to discover any 
special pigment in the hair, although the microscopical examination of 
the cortical substance of differently colored hairs — that is to sa*y, the 
existence of certain colored molecules — indicates the presence of a defi- 
nite pigment. It is, however, well known that white hair is especially 
rich in air, and that to this circumstance it mainly owes its glistening 
color. Lalir has further showy by rmmerous experiments on differently 
colored hair that the iron which is present, and to which Vauqiielin had 
drawn attention, exerts no influence wdiatevcr on its color. 

Laer found nothing but margarin, margaric acid, and olein in the fat 
extracted from hair ; this fat had an odor of hair, or rather of sw(‘at. 

• Tlie amount of ash in the hair differs very much, altJiougli it does not 
bear any relation to the color, or any other property of the hair. Laer 
found from 0*54 to l-85[j of asli in the hair, and from 0‘05S to 0-81)0[J 
of peroxide of iron, but he could ndt detect manganese ; he found, liow- 
evcT, some silica with phosphate of lime. Von Goritp-Lesancz,^ who 
has made a very elaborate examination of the quantity of silica in the 
hair, found that the hair of animals contained, on an average, a much 
larger amount of this substance than human hair (the latter containing 
only from O’ll to 0*228, whilst the former contained from 0*12 to 0*57};). 

Wool and bristles do not differ essentially in their composition from 
hair : the chemical constitution of feathers has, hojvever, been found by 
Sclierer to differ very considerably from horny tissues generally, and 
from hair especially. He found as the mean of two analyses of the 
beard and the quill, 52-448JJ of carbon, 7*1618 of hydrogen, and 17*7878 
of nitrogen. Gorup-Besanez found considerable quantities of silica iu 
feathers. He has treated, in a most careful and complete monograph, 
of the influence of the most varied physiological relations, such as sex, 
age, mode of life, species, &c., on the quantity of silica in the featlicrs. 

* Ann. (1. Ch. u. Pharm. Bd. 60, S, oLU-342. 
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CONTRACTILE FIBRE^CELLS. 

Wc are especially indebted to the recent investigations of Kblliker* 
for a more accurate knowledge of those histological elements which have 
hitherto been included in their aggregation in the animjil body under the 
name of orgayiic or smooth muscular fibres, ^hese cells commonly ap- 
pear in the form of long fusiform narrow fibres, with finely attenuated 
(extremities, frequently also in that of elongated, quadrangular, or club- 
shaped plates, whose margins are occasionally fringed. The majority 
exhibit, especially when acted upon by acetic acid, a prominent nucleus, 
which is either cylindrical or baton-like. The nucleus appears to be 
perfectly homogeneous, a nucleolus being scarcely ever found in it. The 
substance of the cell occasionally exhibits pale or dark granules, which 
are partially arranged in rows corresponding to the axis of the fibres, 
but in other respects this is also homogeneous. It cannot be decided 
with certainty whether it is surrounded by any special cell-membrane. 
These fibis^-cells form by the lateral juxtaposition of their extremities 
the bundles of smooth muscle which arc visible to the naked eye, and 
occur, amongst other places, in the intestinal canal. Kbllikcr divides 
the smooth muscle into the and mixed variety, according as 

the colls are arranged in larger quantities so as to form bundles and 
membranes, or are merely interspersed amongst other simple tissues ; to 
the former class belong those which have been long known, find in which 
Ilenle*^ first recognized the presence of true fibre-cells, namely, the mus- 
cular coat of the lower half of the iesoj)hagus, of the stomach and in- 
testinal canal, the nipple, the bladder, the prostate gland and vagina. 
The coarser bundles of these muscles are likewise held together by con- 
nective tissue, but they are not so th(U'ouglily intersected by it, and di- 
vided into separate fibrillse, or smaller bundles of fibrillin, as the mixed 
smooth muscles. TIic latter, which often appear as if they were scat- 
tered over connected tissue, embedded, as it were, in the elastic and nu-' 
clear fibres, were first shown by Kblliker^ to occur principally in the tra- 
becular tissue of the spleen. They have since been discovered in many 
other compound tivssues, which had been knoAvn as contractile and had 
been carefully examined with reference to their histological elements, 
without our recognizing these cellular parts as identical with organic 
muscular fibres ; especially in the tunica dartos, in the middle coat of the 
•arteries, in the clioroid coat of the eye, in the veins and lymphatics, in 
the corpora cavernosa, the prostate gland, the Fallopian tubes, the ute- 
rus and urethra ; also in many mucous membranes, and especially around 
the intestinal villi (Brlicke). In the trachea, the bronchi, the ureters 
and vasa deferontia, as well as in the internal muscular tunic of the tes- 
ticle, they approximate more closely to the pure smooth muscles. 
Finally, the smooth muscles are never enclosed by a true sarcolemma. 

These histological structures do not serve the animal organism by their 
]>hyBical properties like the elastic fibres, in conjunction with which they 

’ Zeitsch. f. wiss Zool. Bd. 4, S. 48-87. ® Allg. Aiiat. S. 570. 

* Mittbeiluiigon der /iirich. naturf. Qessellslicaft, 1847. 
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so frequently occur ; but it ia to them that those tissues, in which they 
were formerly either only imperfectly, or not at all rccoguixcd, owe their 
contractility tinder the influence of the nervous systevi. The adpirable 
labors of Ed. Webe;;* have yielded us the most valuable information in 
reference to this subject, and have clearly elucidated the essential dif- 
ferences existing between the action of the contractile organs and that of 
the animal muscles. Weber has shown that in the case of almost all the 
organs which are provided with these cell-fibres, a mechanical or chemi- 
cal irritant, such, for instance, as the employment of a galvanic current, 
generated by the rotatory apparatus, induced only a gradual, and, at 
first, a very limited contraction, which, however, became diffused, after 
a time, over a larger portion of the part in question. Neither the bun- 
dles touched by the pole, nor the parts depending upon the excited 
nerves, contracted in any very appreciable period after the application and 
interruption of the galvanic current, but the adjacent bundles became 
successively affected, and a movement was thus induced which did not 
finally disappear for a long time. Ed. Weber succeeded, both indepen- 
dently and in conjunction with E. II. Weber,* in detecting the contrac- 
tions in veins and arteries of medium and small* calibre in nearly the 
same forms as they occur in other organs. Kolliker* also has recently 
observed them in the_ bloodvessels and lymphatics of man. 

Ecker^ and Kolliker* have, however, fully shown, by comparative de- 
monstrations of the elements of motion in the lower animals, that this 
contractility, or property of conti'acling on the application of stimfili to 
the nerves, is not connected in the animal organism solely and exclu- 
sively with the fibre-cells of the smooth muscles, but appertains to other 
histological forms, such as amorphous membi’anes, tubes, vesicles, fila- 
ments, &c. 

Our interest is naturally increased, as we here find onrselves dealing, 
for the first time, with a form of animal tissue which exhibits vital acti- 
vity, or, in other words, moves through the influence of the nerves ; and 
we find, moreover, that the chemical relations are here wholly dift'erent 
from those which we have hitherto noticed in those tissucss of the animal 
organism which act solely by their physical properties. 

The following remarks embody all that is known from my own obser- 
vations, and those of Donders,® Schultze,^ I’aulsen,® and others, in refer- 
ence to the micro-chemical reactions of these fibre-cells. • 

The most generally known of these is the action of acetic acid, which, 
when employed in a more or less diluted state, causes the substance of 
the fibre to swell, whilst it increases its transparency ; the nucleus, which • 
was pale and scarcely visible, now stands out more prominently, and 
cwnmonly presents the appearance of a sharply outlined, *baton-Bhapcd, 
often somewhat bent and even twisted dark body, in^ which no nucleolus 
can be seen. According to Kcilliker, acetic acid frc(iucutly causes the 
nuclei to contract in a slight degree ; not unfrequently, it induces an 

• Ilandwtirtcrbuch der Physiologic. Bd, 3, Abth. 2, S. 1-122. 

^ Berichte der k. sacha. Gess. d. Wiss. 1849. S. 91-90. 

® Zeitach, f. wiss. Zool. Bd. 1, »S. 257-200. ^ Ibid, pp. 218-246. 

Op. cit. pp.^213-217. « Op. cit. ^ Op. cit. » Op. cit. 
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augmentation in tlieir breadth, rendering the nuclei paler instead of 
darker. 

Concentrated acetic acid completely dissolves the fibre, until even the 
nuclei arc gradually rendered indistinct. Fat-globules and molecular 
granules arc then the only things to be discovered between the hyaline 
fibres of connective tissue. 

Extremely dilute hydrocldoric acid (1 part of anhydrous acid in 3,000 
parts of water) behaves in almost the same way as dilute acetic acid, al- 
though, according to my experience, in a more decisive manner. The 
nuclei appeal' more distinct and dark, the substance of the cell becomes 
verjr pollucidy but at the same time assumes a curled or wavodike appear- 
ance; the nuclei lying in a curve of the Sbre present, collectively^ a cres- 
centic appearance, and their extremities arc in some cases twisted in 
opposite directions. By the prolonged action of the acid the substance 
of the cell is dissolved, leaving, in addition to amorphous granules, no- 
thing but nuclei, which now, for the most part, assume somewhat the 
form of cucurnber-seeds. The fibres of connective tissue, which are oc- 
casionally present, appear as very transparent, broadened, perfectly 
homogeneous bands. was mucli surprised to find, on examining 07 '- 
ganic muscles which had boon frequently washed in water, and macerated 
for a long* time, that no nuclei could be rendered visible cither by the 
dilute acetic or liydrocboloric acid. Ilenlc^ was led to infer, from the 
residt of his exj)crimonts, that the superficial layer always soonest under- 
goes decomposition, and hence its nuclei are first destroyed. 

The fibres shrivel up very readily in concentrated hydrochloric acid, 
but the nuclei are not rendered more transparent. After a prolonged 
exposure to the action of the acid, entire, finely striated bundles arc 
brought into view. Water causd^ the '■fibres to swell, and form thick, 
sharply outlined stj-ings, in wliich state they resemble the representa- 
tions (or i-athcr the diagrams) formerly made by histologists of normal 
organic muscular fibres. 

Concentrated sulphuric acid renders the bundles of fibres more trans- 
parent and gehi-tinous ; after the repeated addition of water the bundles 
contract, and again ap})car distinctly fibrous (Bonders). No nuclei can 
he distinctly recognized, hut I have frequently observed in preparations 
which had been treated with concentrated sulphuric acid, and after the 
repeated addition of water, the existence of coarse granules of an oval 
or irregularly rounded shape and isolated fat-globules, whilst the other 
histological elements had wholly disappeared. 

The fibre-cells become somewhat contracted in concentrated cold nitric 
acid, and exhibit a curled appearance. The smaller bundles arc divided 
into isolated fibrils of a pale-yellow color; no nuclei can be detected with 
certainty ; the fibres of connective tissue remain smooth and narrow, and 
are not colored yellow. The yellow color appears in a remarkably beau- 
tiful manner in the fibre-cells on applying caustic ammonia to the object 
after it has been treated with nitric aci<l. The fibre-cells are perfectly 
dijjsolvcd in boiling concentrated nitric acid, whilst nothing appears in 
the, fluid beyond a few scattered fat-globules. 


* Jahresbtr. tier ges. Med. 1851, S. 44. 
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A concentrated solution of chromic acid renders the bundles of smooth 
muscle so perfectly soft that they break up on the slightest pressure into 
greenish-yellow, somewhat curled rods, which nowhere exhibit, with cer- 
tainty, even a trace 9f a nucleus. 

The prolonged action of a dilute solution of soda loosens, softens, and 
finally dissolves the bundles of fibres, leaving only fine long threads, 
which belong to the nuclear fibres. At the same time a number of 
coarse granules of a very irregular form are brought into vieiv, whose 
cliemical nature could not be closely investigated. There were no nuclei 
to be detected. 

A concentrated solution of potash^ after prolonged action^ causes the 
almost total disappearance of the individual fibres, there remaining only 
rows of granules. On the addition of water, everytJiing is dissolved ex- 
cepting some minute filaments (in tJic same manner as by the action of 
dilute soda). 

The fibre-cells undergo no visible alteration in a solution of moderately 
concentrated carbonate of potash. 

On digesting a carefully prejiared and well-washed portion of the 
muscular coat of the stomach of pig for a prokmged period (from IS 
liours to 3 days) in a solution of G parts of nitrate of potash in 100 
])arts of water, at a temperature of 30® or 40®, no essential fhaiigewill 
bo observed in the individual smooth muscular fibres ; as in tbe case of 
carbonate of potasb, they simply swell, and become somewhat more 
translucent. No nuclei can be discovered in either case. Tlic mus*bular 
substance itself becomes somewhat harder. 

Millon s reafieni (sec vol. i. p. 201) colors tb.c whole mass of tlic 
bundles intensely red, but when seen under the microscope the individual 
fibre-cells do not appear very highly c«t>lorcd. 

An aqueous solution of iodine causes the fibre-cells to shrivel up, 
renders the nuclei less distinct, and imparts a yellow color to the whole 
mass. The nuclei cannot be brought into view even by lIic repeated ap- 
plication of a dilute acid.’ 

* Tlie bundles of fibrils become gelatinous in concentr^itcd phosphoric 
acid. Under the microscoj)e, fibrillation is still perceptible, which, liow- 
ever, becomes more distinct on the addition of water to the o)>j(‘ct. 
JTcrc, too, wc have a granular matter which does not, however, aj)})ear 
to contain a nucleus. The granules precisely resemble riiose whicli arc 
brought into vicAv on the addition of water, after the fibres have been 
treated witli concentrated hydrochloric acid or a potash solution. 

If the middle coat of the arteries, or the muscular coat of tlie stomach 
or intestinal canal, be treated with concentrated acetic acid, after having 
been cut in shreds and carefully rinsed, and afterwards boiled for a con- 
siderable time in water in order to remove the gelatigcnous connective tis- 
sue, a substance is dissolved wliich is precipitablc botli by yellow and red 
prussiate of potash. This may be again precipitated by neutralizing the 
acetic acid ; it contains a considerable quantity of sul])hur. 

The substance of the fibres of smooth muscle behaves towards very 
<lilute hydrochloric aci<l (1 p. m.) in the same manner as Liebig showed 
Was the case witli the striated fibres. (See note to vol. i. p. 320, on 

* An^i. d. Ch. u. riinrtn. l>d. 7->, »S. 1-5-120. 

VOL. IT. 15 
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Syntonin, in the Appendix.) Thus, for instance, if the muscular coat 
of the stomach (of the pig), after being cut in shreds and thoroughly 
rinsed with water, he treated with hydrochloric acid of this dilution, the 
fibres of the smooth muscles become dissolved ; on neutralization of the 
acid, the solution behaves in precisely the same manner as the hydro- 
chloric-acid solution of syntonin from striped muscle : the flakes, which 
gradually separate, dissolve very readily in an excess of an alkaline solu- 
tion, and likewise in lime-water ; this solution coagulates on boiling, like 
albumen ; if, however, too much lime-water be added, the solution merely 
becomes opalescent, and it is not till it is neutralized with acetic acid that 
we have a copious curd-like precipitate. The original hydrochloric-acid 
solution of the flbrils is strongly precipitated by concentrated solutions 
of the neutral salts of the alkalies and alkaline earths ; as, for instance, 
chloride of potassium, sulphate of soda, hydrochlorate of ammonia, chlo- 
ride of calcium, and sulphate of magnesia. 

I obtained precisely the same reactions on treating the well-washed 
middle arterial coat of the ox, the bladder of the pig, and the tunica 
dartos of the bull in a similar manner with dilute hydrochloric acid. 

No sarcolemma can be chemically demonstrated in the organic muscles. 
Kdlliker thought he could sometimes perceive indications of a cell-mem- 
brane in individual flbre-cells, but I have been unable to demonstrate its 
presence by any chemical reagents. The nature of the nucleus, which 
is insoluble in acetic and dilute mineral acids, has not yet been closely 
exanlined. 

C. Schmidt* attempted some years ago to make an elementary analysis 
of smooth muscle (the large thoracic muscles of the Cockchafer and the 
adductor muscles of Anodonta cygnea), for the purpose of comparing its 
composition with that of striped ‘•muscular fibre. He found that both 
kinds of muscle were perfectly identical in composition (52*38 of carbon, 
7'28 of hydrogen, and IS'Sg of nitrogen). We think that this coinci- 
dence scarcely proves anything more than the insufliciency of our ele- 
mentary analyses ; for supposing that the fibre-cells of smooth muscle 
wore identical with the fibrils of striped muscle, it appears singular that 
the presence of sarcoleipma and of tracheal ramification in the one 
tissue, and of fibres of connective tissue in the other (that is to ’ say, of 
foreign substances, which cannot be removed by the most careful prepa- 
ration), should'^not induce any dificrence in the results of the analyses. 
Wo do not, therefore, think that we are justified in drawing a conclusion 
in favor of the identity of composition of the organic elements of motion 
from these analyses, although they were undoubtedly conducted in accor- 
dance with the best chemical methods. 

If, as it would appear, smaller quantities of carbon and iiitrogen have 
been found to be present in the tissues which have been analyzed than in 
fibrin and albumen, ft is more probable that the difference is rather owing 
to the amount of connective tissue and of chiti^, than to a different com- 
position of the contractile elements themselves. 

l^e have, therefore, regarded it as more in accordance with the induc- 

* Eu# 'verglviolienden PhyBiologie der wirt>ello8en Thiere. Braunscliweig, 1845, S. 
32-69 [or Taylor’s Soientifio Memoirs, vol. 5, pp. 14-28]. 
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tive method tp institute, for the purpose of comparison, various elemen- 
tary analyses of this substance, which is extractible from every contrac- 
tile tissue by dilute hydrochloric acid, first precipitating it by a dilute 
solution of soda, and then extracting it with alcohol and ether. Although 
we have not so far deceived ourselves as to regard as perfectly pure this 
matter, which, at all events, is mainly derived from the substance of the 
contractile fibre-cells (such a supposition being controverted on chemical 
as well as histological grounds), we yet believe that the analyses of this 
matter, obtained from different compound contractile tissues, are better 
adapted for comparison, and lead to more reliable results, than the ana- 
lyses of the complex tissues themselves. And in point of fact, this cell- 
substance, which is soluble in water containing hydrochloric acid, inva- 
riably presented the same composition, whether it had been obtained 
from the muscular coat of the stomach of the pig, or the middle arterial 
coat of the ox, or the tunica dartos, or the bladder. It also appeared 
that this substance, which is derived from smooth muscular fibres, has the 
same composition as the analogous substance derived from striped muscu- 
lar fibres, which was first obtained by Liebig aiyl analyzed by Strecker. 
As we shall have to consider mote fully in another portion of this work 
these analyses of ray own, I will here limit myself to an enumeration of 
the mean results, merely for the purpose of comparison with* the fibrin of 
the blood and that of the animal muscles ; there were found on an aver- 
age /53’843 of carbon, 7’30g of hydrogen, IS'SIJI of nitrogen, and l'09g 
of. sulphur. ^ 

This substance further corresponds with the protein-body extracted 
from striped muscle in being perfectly insoluble in nitre-water (contain- 
ing 68 of KO.NOj), as well as in cjirbonate of potash. Although the 
above-mentioned micro-chemical reactions demonstrated this point with 
tolerable certainty, the following experiments were additionally made. 
The muscular coat of the stomach was reduced to fine shreds and rinsed 
in water as long as any coagiilable substance continued to dissolve ; a 
, portion of the rinsed mass was then digested for an hour in a solution 
of 1 part of carbonate of pota^ in 10 parts of water; the filtered fluid 
showed only traces of a dissolved protein-body. Another portion of the 
muscular coat, which had been free^ from albumen, was digested for two 
days in the above-mentioned nitre-water at a temperature of 37® ; at 
the end of that period there was not a trace of any substance coagulablc 
by heat or acetic acid. 

As this substance appears, according to the present state of our 
knowledge, to be altogeiher pecuj^r to contractile fibre, as it differs es- 
sentially from the fibrin of the blood, and lastly, as it ^oes not merely 
occur in the time muscles, we have thought that it would be desirable to 
distinguish it from ordinary fibrin by some peculiar designation, and we 
have suggested as appropriate the name of syntonin (from auvrtivtiv). 

It is probably a very ■significant fact, that the more active organs of 
the animal body are bathea in a fluid which differs very essentially from an 
ordinary transudation from the blood, or from the blood-plasma itself. 
Berzelius long since directed attention to the muscular fluid, and Liebig’s 
admirable investigation of this subject is vrell known. According to 
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Liebig’s discoveries, a fluid differing in every respect from the plasma of 
the blood surrounds the fibres of the striped muscles ; and the same is 
the case with the fibre-cells of the smooth muscles. M. S. Schultze* 
found, on examining the middle coat of the arteries, that it was perme- 
ated by a fluid very rich in casein. He found in 100 parts of the well- 
dried annular coat of the thoracic aorta from 17'4 to 23‘lg of soluble 
constituents, amongst which there were 7'24 parts of casein. He also 
found in the middle coat of the carotid, which, as is well known, contains 
a smaller quantity of elastic fibre, but far more contractile fibre-cells 
than the aorta, 39§ of soluble constituents, of which 21 parts were casein. 
Moreover 'S(^ultze found that this interstitial fluid had a faintly alkaline 
reaction, and contained in addition to the casein and salts, small quan- 
tities of two substances, one of which was coagulable, and the other non- 
coa^lable by heat. 

My own observations on the juice permeating the contractile tissues 
have shown that the fluid obtained from the muscular coat'of the stomach 
of the pig has a distinctly acid reaction, although not in so intense a 
degree as that derived jrom the striped muscle ; the analogous fluid of 
the middle coat of the arteries (the ascending and descending aorta, and 
the carotid of the ox) reddened litmus paper slightly, but quite decidedly. 
The fluid from the tunica dartos exerted no reaction on vegetable colors. 
Schultze found that the juice of the middle coat of the arteries was 
alkalipc, which may be owing either to the admixture of the alkaline 
fluid of the cellular tissue, or to the occurrence of incipient decomposi- 
tion. The middle coat of the arteries and the tunica daftos yield moi^ 
casein and less albumen than the muscular coat of the stomach of the 
pic; the latter is as rich in albumen as is the iuicc of the animal 
muscles. ' 

Creatine occurs in much smaller quantity hero than in the juice of the 
striped muscles ; but as the inadequate amount of this substance pre- 
cluded the possibility of making any elementary analysis, the crystallo- 
metric determination constituted the only evidence of its presence. 
Besides a small quantity of .lactic acid, we find acetic and butyric acids. 
The ratio of the potash toitho soda was as 38 : 62 in the juice of the 
smooth muscles of the stomach, and as 42 : 58 in that of the middle coat 
of the arteries. ^ The soluble phosphates were to the insoluble as 82 : 18 
in the mn3cular"fluid of the stomach, and as 79 : 21 in the fluid of llie 
middle coat of the arteries. 

Siegmund* has recently found creatine, acetic acid, and formic acid 
in the juice of a pregnant uterus ; an^ Walther® has, under my superin- 
tendence, extended the above-mentioned micro-chemical investigations 
regarding the fibre-cells, and the chemical analysis of the juice by which 
they are moistened. < 

All these relations, which are at the presmit tame undergoing a more 
accurate investigation, show that there exists; at all^vente^ a very great 
analogy between the juice of the striped muscles and that of the Ibre- 
cell£ If we concur in the doubts expressed by some of the most dis- 

* Ann. d. Ch, u. Pharm. Bd. 71, S. 277-293. 

* Verb, der phys.-med. Ges. sn Wiirzburg. Bd. 3, 0. 60. 

3 Digs, iuaug. mcd. Lips. 1851. 
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tinguished histologists regarding the existence of these fibre-cells in the 
middle coat of the arteries, in which Kbiliker believes he has found them, 
it would, at all events, seem to be proved, in regard to the chemical 
view of the case, that the fibrils of the striped muscles, like the smooth 
muscles and the contractile tissues, not only contain a solid substance 
which is chemically identical in all, but that this textural element is in- 
variably surrounds by a juice which differs essentially from all other 
animal juices by its acid reaction, the abundance of its potash-salts and 
phosphates, and by its containing creatine, &c. It remains for a more 
exact investigation to establish with greater precision the differences 
which the provisional analyses indicate between the constitution of these 
juices in the different contractile tissues. 

Although we have already sufficiently indicated the course to be 
pursued in the investigation of contractile tissue, we will briefly review 
the mode of proceeding. ’ If we are once assured that the object which 
we are examining is a tissrfe composed of various histological elements, 
which, moreover, is permeat^ by a fluid differing in all respects from 
the blood-serum, — whether such contractile tissue be obtained from the 
middle arterial coat, the muscular layer of the intestine, the urinary 
bladder, the tunica dartos or the uterus, — our first endeavors should of 
course be directed to the removal of the unimportant constituents from 
the fibres of the smooth muscle. Unfortunately, we are <^uite unable to 
obtain perfectly pure fibre-cells free from nerves, connective tissup, and 
nuclear and elastic fibres ; we are therefere compelled to have recourse 
to^various indirect means of obtaining a knowledge of the chemical 
nature of this histological element. When the tissue has been carefully 
reduced to minute shreds, and rinsed in lukewarm water until no trace 
of organic matter is longer visible in the fluid that is poured over it, two 
methods present themselves for our choice in preparing the substance of 
the fibre-cells for chemical examination. We may dissolve either the 
connective tissue or the fibre-cells ; either method, however, is open to 
serious objections. No other solvent than boiling water should be used 
for dissolving the connective tissue when an albuminous tissue is 
present; and, even then, wo only attain our •object in a most imperfect 
manner ; for, in the first place, the fibrinous substratum of the colls is 
reduced to a state of coagulation, ‘^which precludes the possibility of 
separating this substance from the nuclei of the fibre-celfs ; secondly, the 
fibre-cells themselves are attacked by the prolonged boiling which is 
necessary for the purpose of effecting as completely as possible the solu- 
tion of the connective tissue (a substance* corresponding to Mulder’s 
tritoxide of protein, dissolving with the gelatin, as S(^ultze formerly 
remarked) ; thirdly and lastly, notwithstanding all boiling, the nuclear 
fibres' of the connective tissue remain undissolved (as has been often 
already mentioned), and oven when no true elastic fibres are interspersed 
amongst the contractile tissue, constitute a residual mass which cannot 
be regarded as a chemically pure body. The coagulated substance of 
the smooth muscles does not dissolve readily in alkalies, and cannot, 
therefore^ be very perfectly separated from the substance of the nuclear 
fibres, as this also partially dissolves in alkalies, more especially on the 
application of heat. The quantity of sulphur contained in the con- 
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tractile fibre-cells cannot therefore be determined with certainty by this 
method, nor is the method of dissolving the substance in alkalies, and 
precipitating it by acids, to be unconditionally recommended ; if, how- 
ever, we would analyze for its sulphur the substance after being only 
boiled in water, without having been previously dissolved in alkalies, we 
should in every case find too small a quantity of sulphur ; for the nuclear 
fibres augment the matter which is free from sulphur, and some of the 
sulphur of the substance also escapes r>n boiling it in the air. 

It is better, therefore, for these reasons to endeavor to dissolve the 
substance of the fibre-cells, and we may employ as a solvent dilute 
alkaline solutions, moderately dilute acetic acid, or water containing 
hydrochloric acid. I have found that the most efficacious of these three 
solvents is the very dilate hydrochloric acid (containing from 0‘1 to 0'5g 
of the acid). A dilute solution of soda renders tho connective tissue too 
gelatinous, and very probably also dissolves some of the nuclear sub- 
stance of the contractile fibre-cells, and makes the determination of the 
sulphur uncertain. Acetic acid is bettor, ^ut the first of the objections 
advanced against the use of the soda solution exists also in tho case of 
this acid. The hydrocHloric-acid solution must be regarded as a tolera- 
bly pure solution of the substance of the cells of the contractile tissue, 
as the coniujctivo tissue, the nuclear fibres, and thq nuclei of the fibre- 
cells themselves remain undissolved. The substance of the fibre-cells is 
thrown down from this solution by careful neutralization in the form of 
a soft'gelatinous mass, which is perfectly adapted for the determination 
of the sulphur and for the elementary analysis generally, after it isas 
been extracted with alcohol and ether. The substance composing the 
nuclei of the fibre-cells cannot be obtained in an equally pure state, 
since its best solvent is a dilute solution. of soda, which always dissolves 
some of the connective tissue, or at all events, occasions the gelatinous 
parts to pass through the filter. 

We abstain from making any remarks on the method of examining 
the parenchymatous fluid, partly because we have already frequently 
spoken of the naode of determining the individual constituents of the 
animal fluids, and partly because we shall have occasionto revert to this 
subject under the head of the Striped Fibres. 


TRANSVERSELY STRIPED MUSCULAR FIBRES. 

These textural elements, which have also been termed animal 
(Breschet), or artUuktl^ (Treviranus) muscular fibres, or bundles of eon- 
tractile fibrils (Kblliker), are peculiar to th0s4 organs of motion which, 
at least to a certain extent, are subject to the m'ffi. 

If we examine any muscle (as, for instance, one the abdominal 
musoies) in both longitudinal and transverse sections, we perceive, even 
with Ahe naked eye, that it consists of a more or less considerable 
number of parallel, longitudinally striped bundles (the secondary muscu- 
lar bundles), which are surrounded by connective tissue [perimysium 



THEIR HISTOLOGHCAL RELATIONS. 


231 


internum), serving to unite them together. In this connective tissue we 
may truce, on a careful examination, a few bloodvessels and nerves ; 
but when we examine these striped bundles under the microscope, we 
perceive that the longitudinal stripes are dependent on yet finer bundles, 
which may be recognized under higher magnifying powers as roundish, 
irregularly flattened cylinders or strings, whose transverse section occa- 
sionally appears hexagonal, and which exhibit distinct transverse 
striation. A more careful examination of these very fine, transversely 
striped bundles (primitive muscular bundles) shows that they consist of 
closely approximating, necklace-like filaments, which are closely sur- 
rounded by a homogeneous smooth investment (aaroolemmc). This 
investing membrane of the different primitive bundles is held together 
by filaments of connective tissue ; between the sarcolemma of thi dif- 
ferent bundles we find the well-known vascular network of the muscles, 
with its generally rectangular meshes, and the tortuous windings of the 
nerves. It is not a settled point whether the sarcolemma in the deve- 
loped muscle contains nuclei ; that is to say, whether the nuclei, which 
are apparently perceptible in it, appertain to it, or whether they lie 
under it, and belong to the mu3cv\lar fibrils of th« primitive bundles, and 
therefore to the contents of the sheaths of sarcolemma ; at all events, we 
may perceive in the .sarcolemma roundish nuclei, frequently j’esembling 
drops of oil, or, more rarely, having a spindle-like form, of which some 
at all events, according to Schwann and Kblliker, are situated between 
the sarcolemma and the muscular fibrils, but are not intimately* con- 
nected with any of these parts. We find, as has been already observed, 
that the substance enclosed in the sarcolemma always presents a strongly 
marked transverse striation, and generally a less distinct longitudinal 
marking ; so that the primitive bundles might just as readily be supposed 
to consist of superimposed disks (Bowman) as of long, transversely 
striated fibrils. In muscles, however, which have been submitted to 
chemical treatment (whether simple boiling or the action of reagents), 
we very frequently see a separation or disintegration of the contents of 
*the sarcolemma into constricted filaments, which has Jed most histolo- 
gists to regard these contents as composed of fibrils. It is very generally 
believed that the constrictions of the transversely striated primitive 
fibrils stand in the closest relation to the function of the muscles ; on 
making a microscopical examination of the muscles of jtfst killed or still 
living caterpillars, we perceive the dark stripes approach one another, 
and again separate. In paralyzed muscles (which have not yet under- 
gone fatty degeneration) these stripes are observed to be more widely 
separated from one another than in healthy muscles, &c. 

Although several very admirable investigators will *not admit that 
these observations afford sufficient evidence of the essential part which 
these constrictions of the jelementary fibrils take ib muscular contraction, 
the constrictions, or, perhaps more correctly speaking, varicose dilata- 
tions, which are so constantly observed in this group of animal fibres, 
cannot be wholly purposeless or accidental, for, granting that our theory 
of the contraction of the fibrils is yery complicated, the want of hom^e- 
neity in the fibres must exert some influence on thbir contraction. The 
elementary fibres are assuredly not formed of an entirely homogeneous 
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substance ; for in the first place, we occasionally see the muscular fibre 
break up transversely into discs ^Bowman*^ or into parallelopipeds, and 
each separate fibril into smaller linear sections, and, finally, into serially 
arranged granules (see vol. i. p. 520). The continuity of the elementary 
fibres is therefore readily destroyed in the direction of the contractions. 
On the other hand^he muscular fibrils, as I perceived long before I was 
acquainted with Bowman’s observations on the subject, undergo certain 
alterations of form by which they are either shortened or lengthened, 
when subjected to the action of water and other substances. 1 treated 
the muscular fibres of the extremities of tolerably developed embryos of 
the common mouse [mua domeaticui) with different chemical reagents ; 
I foiyid thbft the addition of water had the effect (as Bowman has very 
often observed) of rendering the striation more indistinct, and sometimes 
even causing it wholly to disappear ; but when very saturated solutions 
of neutral salts, such as chloride of calcium, sulphate of soda, hydrochlo- 
rate of ammonia, or of sugar, &c., were added, the transverse striae which 
were originally at a relatively great distance from one another, came 
nearer together, the shortening being readily appreciable by the micro- 
meter. The transverse “striae themselves appeared to be sharper and more 
distinct, but separated again more widely from one another when the saline 
solution was washed out as much as possible by water ; and although 
their outlines grew fainter, they could not again be made wholly to dis- 
appear. This observation, which was frequently repeated, proves, at all 
event's, that the muscular fibrils have a different capacity for imbibition 
at their varicosities and constrictions, depending upon a difference in the 
aggregation of their smallest mechanical, if not chemical, particles. The 
elementary fibre of the animal muscles cannot therefore be considered as 
homogeneous ; nor can we regard \he phenomena which are produced on 
the application of saline solutions, as the effect of simple contortions of 
the fibres, such as Henle observed in connective tissue. 

If the physical examination of the muscular fibrils shows that they 
are not simple, homogeneous, partially folded strands, this is^ still more 
distinctly proved* by a chemical investigation, as it destroys the fibres ; 
for whatever may be the reagent employed, the fibrils are always une- 
qually dissolved. First of all, there arc formed small filaments resem- 
bling vibriones, which, together iifrith fat-globtoles, resolve themselves 
into a number bf molecular, often serially arranged granules. If we 
regard the primitive fibres as not homogeneous, this must be still more 
the case with the primitive bundles. We have already referred to the nuclei 
on the surface of the muscular fibres ; the elementary fibrils themselves, 
however nearly, they approximate to one another, or however closely they 
are invested by the sarcolemma, are yet connected by an intermediate 
substance, which is itsqlf of a double nature ; for, in the first place, cer- 
tain distinguished midiroscopists have observed, on transversely cutting 
through -a muscular fibre, that there is a granular and molecular sub- 
stande lying between the extremities of the individual fibrils ; and 
secbodly, we can scarcely seek for the juice, which has be^n so admirably 
investigated by Liebeg, elsewhere '^au within the sarcolemma of the 
primitive''bundles, wlE^cn it appears , to permeate. 


* Philosophical Transactions for 1840, p. 467, 
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We must, therefore, separate our chemical investigation of the animal 
muscles into several sections ; of these, passing over the ever-present 
connective tissue of the perimysium as not at present concerning us, the 
numerous ramifications of bloodvessels, the nervous twigs, and the 
sparingly scattered lymphatics, the micro-chemical investigation of the 
sarcolemma and of the cylindrical bundles of fibrils* within it demands 
our special attention ; from this we will pass to the macro-chemical reac- 
tions, which can be exhibited with muscular tissue, terminating our in- 
quiries with the examination of the parenchymatous juice. 

Very dilute acetic acid (1 part of acetic acid in 5000 parts of water) 
causes the primitive bundles of the muscles to swell very rapidly, and to 
assume an extremely pale color ; after a prolonged action of two or ^hrfte 
or even four days, we' observe that the bundles are much swollen, that 
the transverse striae are very distinct, and approximate fiiore closely to 
one another, and tjiat the nuclei parallel to the long axis of each bundle 
are very narrow, elongated, granular, and not sharply defined ; many of 
them are constricted at four or five points, whilst others protrude with 
the muscular substance from the sarcolemma, and are scattered about 
transversely and obliquely in relation to the axis of the muscular bundles. 
There is never any appearance of longitudinal strise (indicating the ex- 
istence of primitive fibrils) in the muscular substance itself ; on the other 
hand, a transverse striation may often be distinctly perceived. 


Fig! 27. 



Striated mufieuJar fibre (from the abductor rauvolefi of the rabbit), treated with acetic acid. 

At the cut extremities of several primitive bundles we Hiay frequently 
recognize portions of muscular substance, corresponding to an individual 
transverse striation, and which, without having aty*di8tinct fbrm, such 
as Bowman has delineated, clearly show the division of the muscular 
fibie in th^ direction of the individual transverse striae ; under favorable 
illumination, and by the help of the diaphragm, the fiat sections are seen 
to present a net-like appearance, resembling lines which intersect one 
another at acute angles, and are somewhat swollen at the points of inter- 
section. The transverse separation of the muscular fibres may often be 
recognized by the fact, that the half only of a disk corresponding to the 
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transverse cleavage is torn off, whilst in some cases one of the transverse 
disks of a muscular fibre Is loosened and coiled back on itself ; or again, 
a muscular fibre is somewhat bent and torn up at its convexity into sepa- 
rate transverse disks, causing them to diverge like the leaves of a badly 
bound open book. 

Concentrated acetic acid produces the same effect after from 5 to 10 
hours’ action, as the dilute acid does in a much longer period. 

The mrcolemma is not altered either by dilute or concentrated acetic 
acid ; at the parts where it has been deprived of its contents, it presents 
the appearance of a structureless membrane without nuclei, but inter- 
spersed at different points with fat-globules. 

♦ Very hydrochloric acid (1 part of acid in 12,660 parts of water) 

produces nearly the same effect on the muscular bundles as acetic acid, 
rendering thenr paler, whilst the nuclei come prominently forward ; the 
muscular fibres do not, however, swell to so great an extent as when 
dilute or concentrated acetic acid is used ; the transverse striations are 
sharply marked, but a transverse cleavage of the fibres is not so frequent ; 
there is no appearance of longitudinal striations (primitive fibrils). The 
mode of action of a le&s dilute hydrophloric acid will be considered at a 
subsequent page. 

Dondera^ maintains that by prolonged digestion j,n dilute hydrochloric 
acid, the sarcolemma (at all events, in the primitive bundles of tho heart) 
is rendered very distinct. 

Concentrated hydrochloric acid converts moderately sized pieces of 
muscle, after a short time (8 hours), into a viscid mass, which can be 
easily stirred in the fluid surrounding it. We discover under the micro- 
scope, that the fluid contains rather short parallelopipeds, having a very 
distinct and often sharply defined*- transverse striation. Although longi- 
tudinal strise may be detected here and there in the fibres, the primitive 
bundles are only torn or cleft in a transverse direction ; but whilst the 
transverse striae always follow a tolerably parallel course, they frequently 
exhibit several interstices or cavities which do not extend through the 
whole bundle, but give it thp appearance of being strongly marked at 
intervals by black lines. The transverse striae in many of these paral- 
Iclopipeds are only indicated by the presence of fine granules arranged 
in a more or less decidedly parallel directionv Some of these strongly 
granulated fibres appear as if they had been eroded on their longer 
sides ; but there is never any. appearance of the bundle being divided 
longitudinally. The substance of the fibres is rendered intensely yellow 
by an aqueous solution of iodine, and the addition of water catises it to 
swell to a trifling extent only. Nuclei and sarcolemma can only be re- 
cognized at occasional Spots, and for the most part after the addition of 
iodine. ‘ , 

In concentrated nitric acid the primitive bundles dissolve into yellow- 
ish parallelopipeds with a sharply defined.transverse striation, after an 
interval of time varying from one to ten hours. The bundles are deft 
only in a transverse direction, exhibiting larger or smaller openings 
between the strim, in the same manttef as when they are exposed to the 
action of concentrated hydrochloric acid ; that is to say, two adjacent 
* Nederlandsch Lancet. 8 S. 1 J. S. 659. 
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transverse disks are more separated from one another at one point than 
at another, and are only partly in contact. At some of the smaller sec- 
tions of the bundles, all the transverse disks diverge from one side in a 
brush or tuft-like manner. There is never any trace of longitudinal 
striation. 

Very dilute nitric acid exerts the same action as dilute hydrochloric 
acid. 

In concentrated sulphuric acid, the muscular fibres, after from ten to 
thirty hours’ action, are resolved into a reddish-purple viscid fiuid, in 
vrhico, at a first glance through the microscope, vre can only perceive 
longer or shorter filaments ; a more accurate examination, however, 
shows that they are tery thin hone-shaped or fusiform pla^s.* ' The red 
color disappears on the addition of water, when a grayish-yellow coagu- 
lum is deposited, which appears perfectly amorphous, as seen under the 
microscope, exhibiting merely granular patches, in the same manner as 
we commonly observe with the coagulated protein-bodies. 

Sulphuric acid, when somewhat diluted, exerts precisely the same 
action as concentrated hydrochloric acid, bringing the transverse striae 
very distinctly into view. The lyngitudinal strfte which Mulder and 
Bonders saw in these cases, I could scarcely recognize with any degree 
of distinctness even a^er the proldnged action of this acid. • 

Very dilute sulphuric acid acts in the same manner as acetic acid, or 
extremely dilute hydrochloric acid. 

A concentrated solution of chromic acid causes the muscular fibres to 
be resolved, after prolonged action, into parallelopipeds of an intense 
yellow color, some of which exhibit a sharply defined longitudinal stria- 
tion without any perceptible transverse strim, whilst others are charac- 
terized by the most beautiful andtdelicate transverse striation. Both in 
the longitudinally and transversely striated portions we frequently find 
four, five, or even n^ore transverse rents and clefts, bxit never any cleav- 
age in the longitudinal direction. Many of the fibres are broken up into 
irregular flakes ; but the muscular fibres do not in any case appear to 
rSsolve themselves into definitely formed morphological elements. The 
sarcolemm||t.is gelatinous and finely granulated. 

When a muscular fibre has been exposed to the prolonged action of a 
saturated solution of hichromode of potash, the transverse strim stand 
sharply out, whilst the fibre corresponding to them is tofn at difierent 
spots, or exfoliated in the individual transverse striae. 

when small carefully prepared portions of muscle arc digested for a 
long time at a temperature of from 30® to 40®, in a solution of six parts 
of nitrate of potash in 100 parts of water, no solution of one or other 
of the elementary parts of the muscular tissue can be observed. The 
transverse striation is generally visible in the primi|ive bundles, while 
the longitudinal striae are rendered far more conspicuous. I know of no 
menstruum which so clearly exhibits the longitudinal cleavage of the 
muscular bundle projecting from the sarcolemma. This projecting por- 
tion splits in the form of a tuft into diverging, primitive longitudinal 
fibres, which individually exhibit distiact transverse striae. These, how- 
ever, do not exhibit the form of varicose dilatations of the fibrils, but 
present the appearance of clear and light spots, which succeed one another 
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in a very regular manner, and have the same transverse diameter. The 
fibres appear as if composed of linearly arranged parallelepipeds of trans* 
lucent but not transparent substance. 


Fig. 28. 



Striated muscular fibre (firom .the abductor muflclee uf the rabbit)i digested for fourteen days, with a 
solution of nitrate of potassa of 10 per ceuf. 

Pieces of muscle, when exposed for a prolonged period to the action 
of (huh-nitrate of mercury (with the nitrite), are converted into a violet- 
colored, hard, brittle mass, which admits of being reduced to a nearly 
purple-colored powder. When examined under the microscope, the mus- 
cular bundles appear in the form of pale bluish-red paralleijopipeds, which 
exhibit the most delicate and sharply « defined trsjasverso striation. In 
thin sections, cut somewhat obliquely to the axis of the muscular bundle, 
we remark detached lamellm arranged upon one another in such a man- 
ner that the muscular cylinder or bundle appeftrs to consist of plates or 
disks superimposed on one another. The sarcolemma, which we can 
often distinctly, recognize here, remains as free from color as the inter- 
spersed connective tissuel*,;- 

A moderately dilute soltition of carbonate of potash renders the muscles 
hard and rigid, as was especially shown Sy Yirchow. On making a 
microscopical ‘examination of muscle that has been hardened in this man- 
ner, the bundles are observed to be somewhat swollen, presenting no 
appearance of longitudinal strise ; the transverse* striee are fine and 
sharply defined ; the cut surfaces of the bxmdles are generally very dis- 
tinct; but wherever the preparation has been tom Dr pressed in its 
adaptation foi^ microscopical purposes, the extremities exhibit exfoliated 
and partly somewhat recurved lamellse ; but 1 haVe never succeeded in 
obtaining the rouhdllaminse in the isolated state in whiph Bowman has 
obtained his disks (as, at least, would appear from hie-j&grams). Pieces 
frequently presented themselves resembling sections ^ eoneeiitrically 
arsanged circles ; the lamellse were in some cases only faintly granulated 
oa their broad surfaces, in others diarply punctated. The sarcolemma 
was indistinct ; no nuclei were visible. 

.After the prolonged action (varying from eight to seventy-two hours) 
of an extremely dilute solution of soda (consisting of one part of the 
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alkali in 8500 parts of water), the mnscle was reduced to a thoroughly 
gelatinous mass ; the primitive bundles were for the most part dissolved, 
and those which were not thoroughly dissolved exhibited a faint longitu- 
dinal striation, caused by the regular deposition of granules in rows, so 
that the whole resembled tuberculous, stringy, bronchial mucus, which, 
on the addition of water, frequently exhibits a similar appearance of 
granules, arranged so as to imitate fibres. There was not a trace of 
nuclei, or of transverse or longitudinal striation. Here and there were 
remarked empty portions of sarcolemma, which appeared either perfectly 
hyaline or faintly granulated, and bore a close resemblance to the hyaline 
cylinders in the urine in Bright’s disease, which correspond ta^e mem- 
hrana propria of the tubes of Bellini. It is worthy of notice that those 
cylinders of sarcolemma have generally a much smaller diameter than 
the original primitive bundles, which furnishes a proof of the great elasti- 
city of the sarcolemma, and of its close approximation in its normal state 
to the cylindrical bundles of fibrils. The elements of the perimysium 
admit, moreover, of being most admirably brought into view by the 
action of a dilute solution of soda. 

A concentrated solution of potash causes the primitive bundles to swell 
and become transparent, rendering the transverse striation less distinct. 
Its prolonged action causes the disintegration of the bundles iflto paral- 
lelepipeds, and renders the transverse strim less distinct, and only to be 
detected by the appearance of parallel rows of granules ; here and there 
loneitudinal strise may be seen, which, in conjunction with the granules 
of the transverse striae, form necklace-like filaments, such as Mmderapd 
Bonders have alrea^ noticed. Nuclei are not always to be observed 
or in every kind of flesh ; but wherever they occur, they are observed to 
be much swollen, rather oval thafi fusiform, and granulated. On the 
addition of water everything is dissolved, with the exception of portions 
of the sarcolemma, which are reduced in their transverse diameter, and 
the nuclear fibres. 

When a very dilute solution of potash or soda is allowed to flow over 
a &esh preparation under the microscope, the pai^cular flundlcs become 
much swollen, the transverse striation disappeiitifs, a partly filamentous 
and partly granular mass projects from the sarcolemma^ whilst, as 
Kdlliker observed, the nuclei are simultaneously brought iqto view. The 
nuclei commonly swell very considerably, become roundish, gradually 
lose their clear outline, and finally altogether disappear. 

An aqueous solution of iodine imparts an intense yellow color to the 
primitive bundles, %ud more frequently causes the longitudinal striae to 
appear than any other reagent ; it does not, however, cause the trans- 
verse striae wholly to disappear, but often renders them somewhat less 
distinpt. 

Fragments of iRuscle which have been repetctedly washed with distilled 
wader ^ and to strong pressure, either entirely lose their trans- 

verse Btnatiw, Of s^ow only faint indications of it, whilst the Imigitudi- 
nal striation is peculiarly visible.. If these muscular bundles, after being 
rinsed with water, are treated with ta vary concentrated solution of chlo- 
ride of calcium, the transverse stri» are often brought very prominently 
into view; the primitive bundles increase transversely; the terminal 
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surfaces of the torn primitive bundles are very irregular, and do not cor- 
respond either with the transverse or the longitudinal stri^tions ; most 
of them have a digital form with convex ends, as if the soft mass of the 
fibrils had been compressed by the swelling of the sarcolemma, and had 
somewhat protruded from it. The sarcolemma and nuclei can seldom be 
clearly distinguished. A saturated solution of carbonate of potash acts 
upon the macerated muscles very much in the same manner as chloride 
of calcium ; the individual bundles have a very sharply defined outline, 
and are enlarged transversely ; the longitudinal striation almost wholly 
disappears, and leaves the transverse striation so sharply defined as to 
make the>dark striae appear much thicker than the lighter ones. Con- 
centrated nitric acid certainly causes the transverse strim in the mace- 
rated primitive bundles to reappear; the dimensions of the latter are 
considerably diminished transversely. 

Dilute hydrochloric acid, such as that employed by Liebig,* for the 
extraction of muscle-fibrin (1 p.m. H Cl), causes the sarcolemma to come 
prominently into view. Pieces of muscle which have been thus treated 
show an amount of , connective tissue, and more especially of nuclear 
fibres, far exceeding what one would expect to meet with, judging from 
the ordinary modes of examining muscular tissue. As has already been 
observed, the individual portions of sarcolemma behr a strong resemblance 
to the cylinders in the urine in Bright’s disease ; they have a much 
smaller diameter than the primitive bundles which they surround. The 
smaller portions of sarcolemma are entirely empty, and are simply 
interspersed here and there with granules of various sizes. In the 
longer pieces of sarcolemma the nuclei appear irregularly disposed, near 
and amongst one another, and, jn addition to the nuclei and granules, 
there appear at internals bodies similar to masses of fat, sometimes 
resembling the pulp which protrudes from the nervous fibres, or at other 
times appearing as very small granular cells. The true membrane of 
the sarcolemma is extremely hyaline, and can generally be only clearly 
made out by the aid of very good illumination and simultaneous shading 
with the diaphragm. When these preparations are acted upon by a 
saturated solution of carbonate of soda, the nuclei and a portion of the 
granules (disappear, and the sarpolemma becomes almost more hyaline. 
Concentrated^ nitric acid also causes the nuclei to disappear, but colors 
the sarcolemma yellow, whilst the connective tissue remains uncolored. 
This difierence of color is rendered very conspicuous on saturating the 
acid with potash. Chromic acid also imparts .to the sarcolemma a very 
beautiful yellow qplor, whilst, at the same time, it Contracts it to so great 
a degree that the diameter is scarcely one-third or one-fourth of that 
of the original primkive bundle ; the nuclei disappear entirely. On 
adding a very dHlute solution of soda to the fibres which have been 
treated with dilute hydrochloric acid, the nuclei swell in' the sarcolemma 
from which the fibrils have been thus removed, and V€(ify i^api^y disap- 
pear ; the very hyaline sarcolemma continues to exhibit a fainuy granu- 
lated appearance. 

These micro-chemical investigatibha show that the three morphological 
elements which we distinguish m the primitive bundles of muscle mffer 
• Ann. d. Ch. u. Pharm. Bd. 78, S. 125-129. 
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chemically from one another, constituting respectively the true substance 
of the fibrils, the substance of the nucleus, and the sarpolemma. 

The chemical properties of the substance of the fibrils (syntonin) have 
been already glanced at in p. 225 [and will be further considered in the 
Appendix to this volume3. The micro-chemical investigations already 
made on the substance which may be extracted from the muscles with 
dilute hydrochloric acid, leads us to concur in Liebig’s view of this being 
the matrix of tnie muscular fibre. We have already observed that the 
primitive bundles of muscle, even when they have been digested for a 
prolonged period in a solution of nitre at a temperature of 30° or 40°, 
do not exhibit any change under the microscope which can jqstify us in 
believing that there is the slightest partial solution of the finest muscular 
fibrils. 

As, however, these experiments were mostly made with the flesh of 
oxen and calves, and as the fibrin of the blood of oxen is, as is well 
known, nearly insoluble in a solution of nitre, whilst that of other ani- 
mals is dissolved very readily after a short digestion (see vol. i. p. 318), 
the precaution was taken to select swine’s flesh, w^ich was freed as far 
as possible of its fat (the blood-fibirin of the pig being very readily solu- 
ble in a solution of nitre), and, after cutting it into very fine pieces, to 
rinse it with distilled water until the fluid that was pressed oilt of it ex- 
hibited no traces of albumen. After this mass had been freed as far as 
possible from soluble protein-bodies, it was digested for two or three 
days in a solution of nitre, of the strength already specified ; but there 
was no trace of any dissolved protein substance which was either coagu- 
lable by heat, or precipitable by acetic acid or any other reagent. The 
syntonin contained naturally in the muscular fibrils is, therefore, quite 
as insoluble in a solution of nitre* as that which is artificially obtained 
from the muscles hy means of hydrochloric acid, &c. 

We are led to conclude from the micro-chemical reagents already in- 
dicated, that the substance of the nuclei enclosed in the sarcolemma 
does not differ very much from syntonin. It is dissolved with nearly 
equal rapidity by dilute alkalies ; it swells in concentrated alkalies, dis- 
solving very rapidly when water is added. It behaves in precisely the 
same manner as the substance of the ^fibrils towards concentrated acids, 
as, for instance, nitric acid. A difference is observed in th^casc of acetic 
acid, and of the mineral acids, when extremely diluted ; for, although 
these reagents render the nuclei more distinct, they exert a certain 
amount of solvent action upon them ; the nuclei wholly disappearing 
after a prolonged digestion in dilute acids, leaving oij^y some fine mole- 
cules, which probably consist, for the most part, of fat. 

We may readily convince ourselves that the clots or granules visible 
in the sarcolemma which has been emptied by acids er alkalies, consist 
for the most part of fat, either by repeatedly shaking with ether the re- 
mains of muscular fibres that have been treated with a dilute solution of 
soda, 01 ^ better still, by repeatedly boiling them in alcohol ; for we can 
not only recognize the presence of fat in the ether or alcohol, but fewer 
clots and granules can be detected under the microscope in the less 
granulated sarcolemma. 

Kblliker' and Scherer have demonstrated that the sarcolemma does not 
‘ Mikrosk. Anat. Bd. 2, S. 260. 



240 TKAIfSVEBSBLr STRIPED MUSCULAR FIBRES. 

consist of connective tissue, and tLat it yields gelatin on boiling; and 
this view is con^^ed by the above-mentioned micro-chemicaJ reactions, 
which show most obviously that its chemical substratum has no a&nity 
whatever to protein-bodies. If we bear in mind that neither acids nor 
alkalies cause the sarcolemma to lose its elasticity, which, as in the case 
of elastic tissue, resists alike the action of alcohol and boiling, we shall 
be led to cononr in KblHker’s opinion, that the sarcolemma contains a 
substratum analogous to the elastic tissue ; but it is by no means easy to 
determine whether, like elastic tissue, it acquires a yellow color , ftom the 
action of concentrated nitric acid. Kblliker was unable to produce any 
yellow color in the sarcolemma of the Axolotl by means of nitric acid. 
As may be inferred fxyam the above-described micro-chemical relations of 
nitric acid towards th^ muscular fibre, the sarcolemma cannot be isolated 
and distinguished in the flesh of the higher animals ; but the yellow 
color produced in the elastic tissue |^y nitric acid is not so distinctly 
visible on a microscopical examination as in the protein-like tissues, and 
on that account the microscope can afford no reliable information in 
reference to this point ; when it occurs on a large scale, the elastic tissue 
is certainly colored yellow by nitric acid (especially on the addition 
of potash), and this is also the case in the empty sheaths which remain 
after the repeated treatment of muscular fibre with a dilate solution of 
soda, and a thorough rinsing with water ; but we are yet without any 
conclusive proof that these tissues were wholly free from all protein-like 
substances when they were submitted to the action of the nitric acid, 
and it would be extremely difficult to prove that such was the case. 

We have already frequently referred to Liebig’s admirable investiga- 
tion of the fluids contained in the flesh ; these researches have not only 
tended materially to elucidate a vfery obscure subject of inquiry, but have 
also thrown considerable light on nearly all departments of physiological 
chemistry. We have now merely to consider generally the composition 
of the juice extracted from the striped muscles, and to enlarge smne- 
what more fully upon certain points of discussion which had before been 
only incideotaliy touched upon. ** 

The freshly^expressed muscular juice is generally of a whitish color, 
and turbid qr opalescent from the presence of suspended fat ; it reddens 
litmus paper very strongly, and forms on boiling a considerable coagu- 
lum ; acetic acid, moreover, gives rise to a turbidity, which depends 
upon the presence of casein in the fluid, as I have satisfied myself by 
the application of rennet, &c. As the true muscular juke cannot of 
course be obtained without the admixture of the tronsu^tion entering 
into the connective tissue, and of the blood oontaineid in the vess^ of 
the musetdar substance, a very great part of the idbiunen may be de- 
rived from this source ; but the amount present is too large to be refera- 
ble to this only, more especially as we nave met with it ‘in considmtible 
abundance in comparatively non-vascular tissues provided with smooth 
mtiijieles, as, for instance, in the middle coat of the art^esw The casein 
mu^, however, be derived solely from the true muscular juice, since, as ' 
we nave already shown in vol. i* p, 338, its presence cannot be de- 
monstrated with certainty in the blood. We have already spoken at 
length, in vol. i. pp. 86, 128, 131, and 200, of the occurrence of crea- 
tine, creatinine, inosie acid, and lactic acid, in the muscular juice. 
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Scherer* has discovered a special substance in the decoction of the 
&esh of the heart of the ox, to which he has applied the term inonte. 
[See note to vol. i. p. 249 (on inoaite) and p. 264. — o. e. d.J 
Scherer^ has also described several volatile acids, belonging to the 

S 'oup C„Hn.i084-H0, which he found in the muscular juice ; amongst 
ese, acetic and formic acids wore conspicuous. 

It has generally been assumed that the muscles derived their color 
from the quantity of the blood contained in them ; but we incline rather 
to Kolliker’s® view, that there is a special coloring matter in the mus- 
cles. This pigment is very similar to that of the blood. It assumes a 
brighter red tint in the air, and is rendered darker by sulphuretted hy- 
drogen ; it may be extracted by water, and coagulates with the albumen 
of the muscular juice. These properties might dispose the chemist to 
regard the pigment of the muscle as identical with the coloring matter 
of the blood ; but certain physiological grounds indicate that this pig- 
ment is not contained in vessels and blood-corpuscles, but adheres in a 
free state to the fibrils ; the muscles retain their color during vital con- 
traction ; colorless muscles are frequently as rich in bloodvessels as those 
which are strongly colored ; and a yellow color Aay sometimes even be 
distinctly detected under the microscope in particular bundles. 

The inorganic constituents are*of considerable importance in the 
muscular juice, as well as in every other fluid ; and we arc indebted to 
Liebig^ for the light which he has thrown on this subject by his care/ully 
conducted observations. The inorganic, like the organic substances, 
must be regarded as something beyond mere incidental constituents of 
the muscular juice. This fluid, like most acid fluids, is rich in potash 
salts and phosphates, but poor in salts of soda and chlorides. It would 
appear, from numerous determinatioife of Liebig, that the relation of 
potash to soda in the blood of certain animals, on the one hand, and in 
the muscular juice of the same animals on the other, is about as follows : 
in the ash of both fluids there occur, for 100 parts of soda, 

In the hen 40-8 of potash in the blood, and 881 in the muscular jnioe. 

“ ox 6-9 *• “ 279 

“ horse, 9-6 “ “ * 286 ** , 

“ fox, — “ “ 214 “ 

« pike, — “ 497 “ 

It must be borne in mind that the muscular juice can never be ob- 
tained free from blood and transudations, and that, consequently, the 
proportion of soda in the muscular juice would be even smaller if we 
could in any way exclude the admixture of blood. 

, A similar consideration presents itself to our notice wljen we proceed 
to estimate the quantity of phosphoric acid in the muscular juice. R. 
Weber* found from 45 to 478 of phosphoric acid in, the ash of horses’ 
flesh, and about 28 in that of the serum of the blood of the same 
Miimal. The phosphoric acid in the muscular juice is principally com- 
bined with potash, and only slightly with lime and magnesia. Chevreul - 

' Ann. d. Ch. n. Pharm. Bd. 78, S. 828-834. 

• Ibid. Bd. 89, 8. 196-201. • Mikrosk. Anst. Bd. 2, 8. 248. . 

* Researches on the Chemistry of Food. Edited by William Gregory, M.D., Professor 
of Chemistry in the University of Edinburgh. London, 1847. 

* Pogg. Ann. Bd. 74, 9. 91-116. 
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found that the ash, yielded a decoction of flesh, contained 81 $ of 
salts soluble in water, and R. Weber has more recently estimated their 
amount at from 79 to 80$. Liebig found in the ash of the muscular 
juice of oxen, horses, foxes, and deer, bibasic and tribasic alkaline phos* 
phates, and in that of hens, a small quantity of monobasic alkaline 
phosphate, in addition to the bibasic. The ash contains, therefore, in 
every case, more phosphoric acid than is required for the formation of 
the neutral phosphates of the alkalies. The conclusion to which we are 
led, that the muscular juice, when fresh, contains acid phosphates of the 
alkalies, gains confirmation from the fact that a large quantity of free 
lactic acid is jpontained in the fresh juice. We shall consider more^fully, 
under the he^ o£ the “ Metamorphoses of Animal Matter,” the interest- 
ing views' advanced by^ Liebig in connection with these relations. 

R. Weber never found more than 7 g of chloride of sodium in the ash 
of the muscular juice of the horse, but nearly as much as 73g in that of 
the blood-serum of the same animal. 

The alkaline sulphates occur only in mere traces in the muscular fluid, 
and Liebig refers these salts to the admixture of bloods 

Whilst the phosphate of lime is poesent in the blood in far larger 
quantities than the phosphate of magnesia^ the reverse holds good in the 
muscular juice ; in the muscular julbe of the hen,ufor instance, accord- 
ing to Liebig, the ratio between these salts of lime and magnesia is as 
10 : 89‘2 ; and R. Weber found a similar ratio in the ash of horses’ flesh. 

Scnlossberger* and Von Bibra,® who have made comparative analyses 
of the flesh of different animals, have obtained the same results as Ber- 
zelius and Liebig for the amount of muscular fibre in the flesh of mam- 
mals and birds, viz., from 15*8 to 16*7 g ; in the case of young animals, 
the numbers were sopiewhat less ; 'in the flesh of reptiles and fishes, they 
were from 9*4 to 13*2g. 

The substance of the vessels and nerves, as well as the nudbar fibres 
of the connective tissue and the sarcolemma, are naturally mixed with 
the muscular fibre in these determinations. 

The queat^pp iiere arises whether we may, or may not, regard the pro- 
tein-substane^ extracted from the flesh by means of water containing 
hydrochloric acid, as true muscular fibre ; that is to say, as the cylin- 
drical muscular bundles which are ‘enclosed in the sarcolemma. Accord- 
ing to Liebig,® this solvent extracts very different quantities of this pro- 
tein-substance from the flesh of different animals ; thus, for instance, the 
muscular fibres of the ox and the hen are almost entirely dissolved ;^ a 
greater amount of substance remains from the flesh of sheep, and far 
more than hal^in the.ease of calves’ flesh. We haVp already aeen that 
by. treating the flesh' with acidified water the sarcoleinma is perfectly 
emptied, with the exception of nuclei and granules, « few sn^l 
clots ; hence> as Liebig’s experiments are perfectly oorneot (as any one 
may ascertain by repeating them), it follows ^hat eqh^ fleds ooatainB 
relatively less fibre-substance (syntonin), and rdbtivhly^mora oonnecl^ve 
tissilb, than the other kinds of flesh vrMeh. were examined; as, for^iii- 
stimuS) that of oxen. This observation is further corroborated by a 

« Ann. d. Ch n. Pharm. Bd. 72, S. 

* Arch. f. phyc, Heilk. Bd. 4, S. 686-677. • Ann. d. Ch. «. Pharm. Bd. 76, 8. 126. 
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simple microseopieal oomparison of the primitive bundles af muscle in 
the ox and the calf. Donders* noticed the striking difference of diameter 
in tlie primitive bundles of the oow and the calf, and he is of opinion 
that' the number of the bundles remains the same during the growth of 
the calf ; in which case, the fibre-substance (syntonin) would alone in- 
crease during the growth of the animal, whilst the sarcolemma and oon- 
nective tissue remained the same. It may be assumed that the diameter 
of the primitive bundles of the calf is from ^ to f smaller than that of the 
primitive bimdles of the full-grown ox. If the number of the bundles 
remains the same, and if the sarcolemma and connective tissue do not 
increase with the growth of the muscle, it becomes a mathmnatical neces- 
sity that less muscle-fibrin (syntonin) admits of being extracted from the 
flesh of calves than from that of oxen. There c^ be no doubt, from 
the micro-chemical reactions already indicated, that the protein-substance 
which can be extracted by dilute hydrochloric acid constitutes the essen- 
tial part of the muscular fibrils, and is perfectly identical with the sub- 
stance of the smooth muscular fibres of other contractile tissues. 

The ratio which the sarcolemma bears to the enclosed cylinder of 
muscular fibre has never been ePen approximafely determined. The 
usual method of determining the connective tissue contained in the 
muscles is b^ ascertaining the quantity of gelatin yielded by boiling the 
previously rinsed muscle, but this can only be regarded as a very rough 
mode of determination. Liebig gives 6 * 6 g as the mean quanti^ of 
gelatigenons substance in flesh ; Yon Bibra found about 23 in the minority 
of the different kinds of flesh which he examined. 

If we take the gelatin that is formed as a measure of the quantity of 
connective tissue contained in the muscles, we must bear in mind that, 
on boiling with water, the nucldhr fibres (which, it» would appear from 
micro-chemical investigations, are present in considerable quantities in 
the Muscles) remain undissolved, whilst the protein-substance, in quan- 
tities vairying according to the duration of the boiling, becomes dissolved 
'jith the gelatin (Mulder’s tritoxide of protein). 

Liebig estimates the constituents of ox-flesh which arecsffl^Sle in water 
at 63 , of which 2*963 albumen. This result agrees with the analyses 
of Berzelius, Braconnot, Schiitz, Schlossberger, and von Bibra. In the 
flesh of birds the quantity of soluble* substances amounts to as much as 
83 , as is shown by the analyses of Schlossberger and von Bibra. 

JF’ot is always to be found in flesh, notwithstanding the most careful 
preparation of the > muscle, being derived not only from fat-cells, but 
fi^m the blood, th# nerves, and even from the muscular substance itself, 
in the fibrils of whioh we frequently observe fat-globulq^ amongst the 
ahclei. Liebig' ab#ays found 23 in the flesh of tfai^^x, von Bibra found 
even as much as 4*243 in ^ aged fifty-pine years, bitt'imly 

itbout 23 in that of other mammals, whilst he could not discover more 
than 'aboii4’^np''8'^&4 tO'^l *113 in the muscle of fishes. 

l%e quantity<of looter inane muscles, when in a fresh state, was esti- 
mated by Berzdins'at 77*1T^ by Beidossberger^ at 77*53* end by Sofautz* . 

' Mulder's Vers, einer physiol. Chen. o. 680, Anm. [or English TraiuLp. 678, note.] 

* Lehrb. de Ohem. Bd. 9, 8. 688. 

* Unterstioh. liber d. Fleiscb Terschleaoer Tbiere. 

* Yergleichende chem. Untersuchungen des Fleieches verschiedner Tbiere. 1841. 
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at 77-68, in the ox; von Bibra found from 72-56 to 74*458 in human 
muscles. These and similar determinations, 'which have been instituted 
as to the muscles of different animals, are not devoid of significance ; 
but as they vary even in the same species of animals, they cannot attain 
any high degree of importance until they can be compared with the 
quantity of water contained in the blood, or, better still, with that in the 
blood-serum. Thus, for instance, it would be highly important in reference 
to the mechanical metamorphoses of matter, to ascertain the proportions 
existing between the water contained in the muscles and that in the blood 
under different physiological and pathological conditions. A course of 
experiments, bearing on this subject, has lately been instituted by one 
of my pupils. It was found that, on an average, there are 9*98 less of 
water in the muscle than in the serum of the blood, and that this pro- 
portion continues nearly the same whether the blood was in a concen- 
trated state or contailied an excess of water. This proposition, which 
is precisely what might have been anticipated, was found to be fully 
confirmed in comparative analyses of the blood and muscle of persons 
who have died from cholera, as well as in so-called hydraemic conditions. 
We may, unquestionably, expect the- most important results regarding 
the mechanical metamorphosis of animal matter from investigations into 
the proportions existing between the quantity of water contained in the 
blood and the other juices, tissues, and organs of the animal body, under 
different conditions. 

It will be readily understood that the determination of the quantity of 
water contained in the muscles should be conducted with the utmost 
care, as pieces of muscle very rapidly lose a certain quantity of water 
when exposed to the air, and thus afford only a very inexact result. 
Great care must be taken to avoid any evaporation from the portion of 
muscle which is to be .weighed. Another circumstance which calls for 
attention is, that while the surface of the piece of muscle, when placed 
in an air-bath or in a vacuum, dries very rapidly, the interior obstinately 
retains its water. It should moreover, be borne in mind, that it is not 
always easj^', tb obtain a portion of muscle alike poor in connective tissue 
and vessels, £nd that the amount of connective tissue essentially influences 
the quantity of water. In examining the muscular substance of the 
human subject, the- observation is rendered very much more difficult, from 
the circumstance that dissection must necessarily be postponed till eight or 
even fifteen hours after death, when endosmotic currents may have been 
already established in the muscular substance as ijrell as in the blood, 
'which do not affect the distribution of the water in tite' living body. 

The serum qf the blood obtained from the dead was not found 
by these observations to differ in its amount of watSr from the blood 
drawn by venesection during life ; but, on an average, a larger amormt 
of water than that given by any former observers found in thb 
muscles (upwards of 808 ^be bodies of hes^diy pe^^ '# 1^0 had oom- 
mitlpd suicide) ; it mtist remain undecided for the pibheilht whethtw this 
«x^ss of water depends upon an abSorptit^gfe^e fluid by the n^ttiseles 
after death, or iHiether a more careful moc^Hr'deteirmining its amount 
may have yielded a higher number for] the water, Md thus afforded a 
more correct result. 

Both for the purpose of giving a general •view of the subject, and in 
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order to furnish certain definite points of support for the establishment 
of future observations on the metamorphoses of animal matter, we here 
subjoin a list of the mean results of former determinations of the indi- 
vidual constituents of the muscular substance ; we limit ourselves more 
especially to the flesh of oxen : 
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It would scarcely appear mecessary to enter more particularly into 
the consideration of the methods to be employed in the chemical investi- 
gation of the animal muscles, as the remarks already made in refofence 
to the analysis of the organic muscles apply equally to the animal 
muscles; we must, however, offer a few remarks on certain points to 
which we have not been previously able to allude. We refer especially 
to the examination of the fluid contained in the sarcolemma, and perme- 
ating the muscular bundles. We are, unfortunately, unable to procure 
this fluid free from the liquor sanguinis, and hence we know of no better 
method to recommend than that adopted by Liebig. It is self-evident 
that the muscle selected for examination should be fresh, and freed, as 
fhr as possible, by means of the scalpel from fat, tcndou, membranes, 
cellular tissue, vessels, and nerves ; it should then be feely tninoed, 
chopped, or shredded, taking care that no splinters of wood or other ex- 
traneous substances are mixed with *the object. According to Liebig’s 
directions, half of the chopped flesh should be put into nn equal weight 
of water, and after being duly kneaded into a pulpy mass, should be ex- 
posed to pressure in a linen strainer. The residue, after pressure, must 
be again twice kneaded with water and pressed, so that we obtain three 
extracts from th^^^rst half of the flesh. ' The fluid of the second press- 
ing of this first hwlr is employed for the first extzikotiofl of the second 
half of the reserved chopped flesh ; whilst the fluid of the third pressing 
is used for s«a^nid extraction of the second portion, which is then 
again extraoted’^ii^f^ pure water. The flesh of fishes and certain amphi- 
bia cannot be eii^mtted to pressure in a finely chopped sta.te, as it swells 
in water into a thick gelatinous n^ass, which clogs up the pores of the 
linen. According to LidH^ we -most here have recourse to ^e process 
of displacement. The m^ular substance of frogs differs from that of 
fishes ; it admits very readily of being pressed, and is, therefore, pecu- 
liarly well adapted for experiments of this nature. 



246 TRANSVERSELY STRIPED MUSCULAR FIBRES. 


The expressed acid fluid, -uhich is either turbii^ or at aU events opa- 
lescent from the presence of fat, must be treated in tiie water-bath until 
all the coagolable matters separate from the sohilaon. The expressed 
fluid, after the removal of the coagnla bj flltration, is either ef a faint 
reddish hue, or nearly colorless. The evaporatioin reepureskto be con- 
ducted with extreme caution, and Liebig has drawn attention to the cir- 
cumstance that the fluid is disposed to assume a brownish color during 
the process of evaporation, in consequence of the presence of the free 
acid. On this account Liebig recommends the addition of baryta water, 
so long as any precipitate is deposited, not only for the purpose of neu- 
tralizing the fluid, but also that the phosphates may be removed as far 
as possmle. The next step is to crystallize the greater part of the crea- 
tine contained in the fluid, according to the method indicated in vol. i. 
p. 127, and this being done, the inosic acid must be separated in the 
manner described kK^ol. i. p. 200, viz. : — by adding alcohol to the 
mother-liquid of - the creatine. About 5 times the volume of spirit 
should then be added to the mother-liquid of the inosates of potash and 
baryta, on which the fluid separates into two layers, the upper one of 
which contains lactate, acetate, and butyrate of potash and . creatinine. 
In order to separate the latter substance, we treat this lighter fluid with 
ether, on ijhich it again separates into two layers, the upper one of which 
contains nearly pure creatinine, which crystallizes on the evaporation of 
the ether. The lactic acid and the above-described volatile acids of the 
heavier layer are separated according to the usual methods. In the 
heavier stratum of the mother-liquid of the inosates which is formed by 
the action of the spirit, the main contents, in addition to the extractive 
matters, are inosite and chloride of potassium. It is easy to obtain evi- 
dence of the presence of creatinine in /resh muscular juice by Liebig’s 
method or boiling the solid residue of the mother-liquid of the inosates 
in spirit of wine, and adding chloride of zinc to the spirituous fluid, 
which causes the compound of chloride of zinc and creatine to separate 
in a crystalline form. 

The exaipination of the parts which are insoluble in water does not 
call foVany adcHtional remarks, as it has been already noticed in detail 
in the preceding pages ; in general, however, the mode of investigation 
corresponds with that which has been described for the organic muscles. 

If we inquire whether the chemical investigations of the muscular 
substance which have been hitherto made, throw any light on> the nature 
of its functions, we find that very little information has l^n gained 
which can either afford support to any of the existing hypotheses^ or 
can suggest new ones. By proceeding with the grjeulpDt caution by the 
method of indfiction, we arrive at the following conailaBlonc 

The protmn-substance, which can be extracted l^om the musoidar 
fibrils by extreme^'dilute hydrochloric add, is the mosttesanntial eleusdit 
of wnimal motion ; it is one and the same ip the strifmd nhtsculsr 'filnres, 
in the smooth muscles, and in the tissims vrhich were iormeiiy> termed 
ooisbwctile. ‘ It is> however, peottUpu: 4o those organs whose movements 
aecTdependmit on nervous fdjjSMemEi 

oheiffii{M.gronnds the pmnnd' in wluth alterilits physical 

properties during the contractions of tissues. < . r 
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The voluntary and involuntary muscles contam moreover a fluid sur> 
rounding and permeating the above*deaoribed matrix of the contractile 
fibres, whi(fli is distinguished by its acidity, and differs entirely from 
the plasma ^ the blood. Liebig has calculated that the voluntary mus- 
cles alone contain more than sufficient free acid completely to destroy 
the alkalinity of the blood. We have already seen that wherbver con- 
tractile fibres or fibre-cells are present, the potash-salts and phosphates 
predominate in this fluid, whilst the blood-plasma, on the contrary, is 
poor in these salts, but rich in alkaline chlorides and soda-salts. The 
difference thus observable in the ihtercellular fluid of the blood-cells and 
that of the contractile fibres cannot be merely accidental ; and Liebig 
has suggested that it very probably either occasions, or is occasioned by 
an electrical current. Wo know, however, that Du Bois Beymond’ has 
subsequently arrived at many novel views, and obtained some brilliant 
results relating to the electrical phenomena of jpbuscular contraction, in 
repeating the observations of Matteucci. The existence of an intimate 
connection between the development of electricity accompanyin^^haus- 
cular contractions and the acid of the muscular juice on the on^and, 
and the alkali of the blood on the other, and •the importance of the 
chemical constitution of the muscular juice on the function of the organ, 
are corroborated by the striking and well-known fact, that ^11 muscles, 
whether voluntary or involuntary (both the striped and the smooth) lose 
their contractility very rapidly in water. (Lukewarm water at + 37° 
scarcely acts less rapidly on this property of muscles than cold >tater.) 
The experiment of the younger Liebig® seems opposed to this observa- 
tion, which may be tested by any one who watches by means of a rota- 
tory apparatus the contraction of the transversely striated muscles of a 
recently killed animal, or its .stomilph, intestinal canal, bladder, &c. 
This observer found that muscles, which had been freed as thoroughly as 
possible from blood by the injection of water into the vessels, retained 
their contractile property as long as those muscles which still contained 
blood. These two observations do not, however, involve a contradiction ; 
*for if the muscles do not lose their contractility ^ the, absence of blood, 
but do soon the addition of water, it simply 8hovi(B thali the muscle loses 
its capacity for contraction by the dilution of the muscular juice. If, 
therefore, we connect the development of electricity during muscular 
contraction with ohexnical forces, we shall find that the causes of the 
phenomena of polarity depend less upon the antagonism of alkali and 
acid than on that of the solid muscular fibrils (syntonin) and the mus- 
cular juice. 

Although we itepese at a^future page reverting to the interesting ob- 
servations of tha younger Liebig, we cannot abstain frdm making a few 
remaarks in relation to them in the present place. It would appeRt from 
■ ’ tla es e ■ experiaaents that muscle is dependent on ciy^n to enable to 
tooniraet>) found thabfrogs’ muscles retainea th^ contractility 

isacdi lengmr iii an atmoeiffiere of oxygmt than in air which did not oon- 
• tiun^ oxygmi, as, for in^mee, in cerbonib. acid> nitrogen, or hjdi^gen. 
It was further showiSHpr two^ osfl^^ ooiidueted xojqmrunents that, 

i tTutere. hb! tbie^blekti^ULt. Berl. 1848 ‘u* 1819. ' ' ’ 

* Ber. der Akad. d.' WiMeaaeli. tn Berlin, 1650, 8. B88-947. 
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whilst the muscle is in » state of contraction, oxygen is absorbed, and a 
corresponding quantity of carbonic acid is exhaled, — ^facts which confirm 
the previously advanced proposition, that a large portion of the carbonic 
acid formed in the animal body is generated not in the capillaries, but 
in the parenchyma of the organs, and is especially produced by muscular 
action. We need scarcely remark that the results of these observations 
are of the highest importance in relation to the theory of metamorphosis 
of matter, whilst they a^ord powerful support to the purely physical 
hypothesis of the elder Xdebig in relation to this subject. 


NERVES AND BRAIN. 

^ f.v 

The nervous system and the brain contain nerve-fibres and nerve- 
cells^ their special and peculiar morphological constituents. 

The nerv6-jU>re» or tubes which are distributed throughout the peri- 
pheral nerves, the spinal cprd, the braip, and the ganglia,iido not all pre- 
sent the same appearance, when seen under the microscope ; hence the 
nerve-fibreq have been divided into two kinds, namely, the tincker (ani- 
mal, cerebro-spinal), and the more delicate (sympathetic, vegetative, 
organic) ; there is no ramification observable in either of these classes 
of fibbes, except at their extreme terminations. 

Fig. 29. 



NatvoiufiltMiflMta ■d»ttaiierTes4tf«t«o»nt}]rkBMl rabbit; tlatSUflirlth wktar. 

The thicker nerve-fibres form cylindrical . filwnmits, varying . from 
0*0(14 to O’OIO^'^ in £ameter ; they occur especially in t^ nerves spring- 
ing from the spinal cord, b.ut they are also, ^met < with kt other parts di 
thq nervous system. When these nerve-fibt^B vSre examined tmdev > 
micn^ppope in a perfectly fresh £ftai||,,^pecuiliy aft«r the addition-ef .a*, 
little albumen, twy appear entir^ h^qgeniiMus and transparent, ex- 
hibiting a sharply defined contour.'^' RvA; afUr lying for ^ipe time or 
having come in contact with water, tli^ exhibit a double contour, re- 
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sembling broad dark bands, irith a clear stripe mnning down the middle. 
Thia peculiarity, together with the size of their diameter, especially 
distinguishes them from the so-called sympathetic fibres. Distinct mor- 
phological elements may be recognized in each of tliese fibres ; and, in 
the first place, we mttst distinguish between the coat or sheath and the 
contents. « 

The coat or limitary membrane of the nerve-tubes can scarcely be 
recognized in very recent nerves, for this membrane is an entirely struc- 
tureless, transparent, somewhat elastic membrane, which can only be 
rendered visible by the application of certain chemical reagents which 
we shall presently mention. 

The substance contained in the nerve-tubes (the nerve-medulla or 
pulp) appears at first, as we have already observ^, to be perfectly homo- 
geneous, whence it has been assumed by many obswvers to be an entirely 
homogeneous, closely mixed matter. It is quite uni&uterial to our pur- 
pose, whether we admit the correctness of this view, or adopt the opinion 
held by others, that the subsequently visible separation of the medulla 
into a cortical substance and a cylindrical axis-fibre, exists preformed in 
fresh nerves; but, judging from a ph^mical point W view, we are com- 
pelled to assume the most decided morphological separation. Thus, the 
application of cold, or,the addition of water, or of certain chemical agents, 
gives rise to a kind of coagulation in the medulla, causing the outGtmost 
layer of the contents of the nerve-tubes to become darker, somewhat 
grumous, or even granular ; whilst in the interior, that is to say, in the 
long axis of the nerve-fibre, there remains a clear, somewhat sharply 
defined filiform stripe — the central or axis-fibre, or axis-cylinder. The 
actual medullary substance, or nerve-pulp, assumes very difierent forms 
when subjected to rough pressure,'^ppeftring in different cases in nodular, 
cylindrical, or clavate shapes as it protrudes from the sheath. Within 
the tubes the substance is frequently accumulated in an irregular manner, 
distending the sheath unequally at difierent points, which gives rise to 
those varicose nerve-fibres which we so frequently meet with in examin- 
iifg the brain. • 

The finer or sympathetic nerve-fibres have a diameter varying between 
0*00212 and 0*00300'". These fibres bear less resemblance to tubes 
than to solid cylinders, and have gefierally no trace of any contents. 
They occur principally in the sympathetic, forming bundles of a some- 
what bluish-gray color, whilst the cerebro-spinal fibres appear white and 
of a silvery lustre. They are, however, found interspersed in various 
quantities in all other nerves, more especially in those of the involuntary 
muscles, the. skin, aptd the mucous membranes (Bidder*an^ Yolkmann),^ 
and lastly in the postm'ior roots of the spinal nerves and in those of tM 
sensitive cranial nerves (Kblliker).* It is only in the peripheral extremi- 
ties, of the cerebro-spinal nerves that the animal fibres become so attenu- 
ated tlmst they resemble in their diameter and general appearance the 
above-described sympathetic fibres. These nerve-fibres are ako enclosed 
in« aheatby uineh cannot always be dkjdnctly ree<^iz^, even after the 

'V.i- ^ ^ ^ ^ 

Selbst^tSjidigkcit des sj^mpatbisohip Ni^rvensyatema. Leipaig^ 1842. 

* %elb8t8t4.n(!igkelt und Abbangtgkeit^o^ ajmpathischen Nervensyatems. Ziiricb, 



2S0 


VBRVOUS TISSUE. 


application of chemical reagents ; on the other hand, the axis-ojlinder 
may be very easily brought into vietr in these nerves by chemical means, 
vrhich we shall notiw more particularly in a future pagei 

Nerve-fibres oontainmg no medulla have been detected by R. Wagn^, 
Bemak, Bowman, Kblliker, and other histologists, in the pale*‘^res of 
the Pacinian corpuscles, in the extremities of the olfactory nerves, in 
the nerves of the cornea, in the electrical organ of the TorpMo and 
(where there is an-aotual ramification of the fibres), and in the extremi- 
ties of the nerves of the skin of the mouse. These fibres appear from 
the observations hitherto made in relation to this subject, to consist only 
of a sheath and an axis-cylinder. 

Another class of nervous fibres has been assumed to exists namely, 
Bemak’s fibres, in which nuclei may be detected, more especially after 
the addition of acetic acid ; but it has not yet been decided -methor 
these elements which have been observed in the ganglia of the sympa- 
thetic, &c., are true nerve-fibres, or merely a peculiar form of connective 
tissue. 

Larger or smaller bundles of nerve-fibres are surrounded by a fibrous, 
strongly glistening, ^hite, dense ipeipbrane, called the neurolemma. It 
appears on a closer examination to consist of difierent forms of connec- 
tive tissue, with which are interspersed numerous elastic fibres. 

The Pacinian bodies form a very singular appendage to the nerve- 
fibres. These bodies, which are present in very large numbers in the 
hands and feet of man and many carnivorous anhnals, and in the mesen- 
tery of the cat, are oval, consist (somewhat like onions) of nearly con- 
centric membranes, measure from 0'5 to 2’0'", and a nerve-fibre termi- 
nates in each of them. These concentric membranes are composed of 
connective tissue, and between the coats there is a serous fluid, which 
collects in larger quantities in the narrow, long, central space of these 
Pacinian bodies. Each of these corpuscles is attached to the nerve to 
which it belongs by means of a short pedicle, which is formed by layers 
of the connective tissue of the bodies, and by the neurolemma ; through 
this pedicle an< animal nerve-fibre proceeds from the nerve, and extefld- 
ing to the central cavity of the corpuscle, diminishes rapidly until it 
resembles the axis-cylinder. It traverses the narrow central space, and, 
after splitting into two or three parts, terminates opposite its point of 
mitranee in fifle nodules. 

In the nervous system, and more especially in the central organs, as 
the brain, the spinal cord, and the ganglia of the spinal nerves and''of 
the sympathetic, there occur, in addition to the fibres, peculiar cells, 
'termed the nerva-cells (accessory corpuscles, or ganglionic globules). 
These bodies are true cells, consisting of an usvestiag membrane, a 
neoleus with one or mwe nucleoli, and soft oontents interspersed with 
molecular granules. The size of these nerve-cells is as various as the 
dbunetmr of the nerve-tubes, and they may bu divided into large and 
small, as .we divide the nerve-tubes into thidit and thbi. The- sondler 
narvo*eell8 occur principally in ^e<^|ai^l» of the ^Tuipathetie, snd tbe 
la^er ones in esnnpany with tbe< dodble’Usidined fibres of 4he cerebro- 
roinal nervous system ; but tl^s ii not without many exceptions. 
Qme diameter of the larger nerv^MO^li is about 0*05 or 0*06''^, whilst 
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that of the smaller eells is frequentlj not more than 0*002 or 0*003'^' 
(Kolliker). _ ^ 

These cells vary in form no less than in size. Lfrge, almost «q)herical 
or oval cells ocenr principally in the gray substance of the brain and 
spinal oerd. Fusiform, trapezoidal, irregularly triangular nerve^oeUs, 
provided with numerous, and often ramifying processes, abound in the 
gray substance of the central organs. We find in the ganglia oi the 
sympathetic scarcely any cells which have not one or two pale pro- 
cesses. Many of the nerve-fibres take their origimfirom these eells, and 
we often see one, and not unfrequently two fibres proceeding from a 
single cell. 

The nerve^ells are covered externally by a structureless membrane, 
which is in some cases extremely thin and scarcely visible, and in others 
somewhat thicker and easy of recognition. The cells which have tW 
walls ocour more especially in the central organs, <whil8t those having 
thicker walls are almost limited to the ganglia. Tbemvesting membrane 
of the latter is very elastic, so that the cells, without being lacerated, 
admit of being compressed and expanded, resuming their former shape 
when the pressure is removed. Tjie processes, IHce the axis-fibres, are 
remarkable for their elasticity (R. Wagner, Kolliker). 

The nuclei, winch generally occupy the centre of the cells, ^re for the 
most part spherical or oval, have sharply defined outlines, and eontain 
clear fat-like matters, amongst which one, or even two roundish or 
elongated nucleoli may in general bo distinguished. The size of the nuclei 
varies from 0*0016 to 0*008'", whilst the nucleoli measure from 0*0005 
to 0*0003"' (Kblliker). ^ 

In addition to the nuclei the nerve-cells contain a tough, semi-fluid 
mass, which is either colorless, or of a faint yellow hue, and holds in 
suspension finer or coarser granules. In some cases, and more especially 
in the stellate^ cells of the spinal cord, this dark granular mass is col- 
lected into various groups or masses, whilst other portions of the cells 
appear to be less granular. 

* We see from this short description of the morphological constituents 
of the nervous system, that we have to take into consideration in tho 
chemical investigation of the nervous mass numerous substances, whose 
diflerence is made apparent by their '^riety of form. We will now con- 
sider somewhat more minutely the alterations efiectedTon the above- 
described morphological elements by the action of various chemical 
reagents, and then endeavor to give a more general representation of the 
ohemioal qonstitutNii of nervous matter. 

We have alrea^ observed that pure water effects a change on fresh 
nerves which have been removed from .animals immediately after they 
had been killed. The contents of the nerve-tubes pass into a‘8i(d:e 
reeembiUng that of coagulation, which causes the double contour of the 
oerebro-spinal nervea^dto appear more distinct, and a coarsely granular 
mass towieparatw itsdf from the periphery towards the eenhre, whUst in 
the centre itself theiw xwmains an. irregularly twisted intestineflihe stripe 
of a light or pale reddish ookir. The nirve-cells are soaroely aUered oy 

* [The (Snob eiHtdate and UdUtt* hath piea.spinied to these eeUs, KeeCrdhig as they 
have oue or several of the prooesses or prolongations — o. i. n ] 



252 


NERVOUS TISSUE. 


the action of water, or, at all events, no alteration can be definitely 
recognized in any part of the cell. 

Cold alcohol, since it abstracts water from the nervous and cerebral 
matter, renders these parts harder and almost brittle, but it gives rise to 
very few visible alterations in the microscopical characters of the nervous 
substance. Hot, or more correctly speaking, boiling alcohol behaves 
dificrently ; for, as we might assume d priori, it coagulates the coagula- 
ble parts of the nerves, and dissolves the fat and the salts of the fatty 
acids. When the nerve-fibres are boiled in alcohol the nerve-sheath 
exhibits a sharper outline, appearing at different points as a special mem- 
brane, distinct from the granular contents. The contents have the 
appearance of less dark and less well-defined granules, and are generally 
translucent and somewhat faintly defined. The axis-cylinder often stands 
out very well in some fibres, although a careful preparation and some 
minutes’ boiling are necessary to exhibit this clearly. The nerve-cells 
are but slightly altered by boiling with alcohol, the change they undergo 
being for the most part limited to an appearance of slighter granulation. 
The alcohol in which the nervous matter has been boiled exhibits on 
cooling white flakes, which appear, when seen under the microscope, to 
be neither crystalline nor of the nodular form common to the fat of the 
nerves, but to consist of a confused mass of fine molecular granules. 

Cold and hot ether behave towards the nervous elements in much the 
sam^ manner as alcohol, and like the latter, render large pieces of 
nervous substance somewhat harder. When examined under the micro- 
scope the double contour of the cerebro-spinal nerves is found to disap- 
pear under the prolonged action of ether, whilst the sheath appears 
more distinct at certain points, and studded, as it were, with granules 
in many parts. The granular contents are rendered considerably paler, 
whilst nere and there the axis-cylinder is seen paler, and like a twisted 
thread. The action of ether on the nerve-cells is as slight as that of 
alcohol. The ether in which the nerve-fibres have been digested 
deposits on evaporation white granules, which appear, when seen under 
the microscope^ to consist of crystals of margaric acid and nodular 
masses of brain fat. 

Dilute acetic acid produces no marked alteration in the morphological 
character of the nerve-tubes, but TVhen this acid is used in a highly con- 
centrated statd; the nerve-fibres after its prolonged action acquire a 
sharply defined outline. Although the inner contour becomes somewhat 
distorted after boiling, the sheath becomes distinctly visible at certain 
points on the cut surfaces of the nerve-fibres ; between the inner con- 
tours there regains a coiled, often pale reddish stripe ; thin, very pale 
threads frequently project from the extremities of the torn nerve-fibres ; 
they can often be traced for some distance along the uninjured nerve- 
tube, and are unquestionably axis-cylinders. Kblliker has noticed the 
difficulty and slowness with which these filaments dissolve even on being 
boiled with concentrated acetic acid. When concentrated acetic acid is 
ad^ed to a nerve-fibre whilst under the microscope, the nerye is seen to 
retract instantaneously, whilst the granular nerve-pulp an^ very pale 
fibres, which are evidently the axis-cylin4^r, project from the cut ends 
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(Kolliker). Th*e fine nerve-fibres of the sympathetic system also swell 
in acetic acid, their contents become grumous, whilst at different spots 
an axis-cylinder becomes visible under favorafcle circumstances. Besides 
these fibres we may frequently discover the pale nucleated fibres . of 
Remak ;*we must, however, be careful not to confound them with the 
fibres of connective tissue, which also exhibit many narrow nuclei in the 
cerebro-spinal nerves on the addition of acetic acid. * 

It will be found that the behavior of ^the nerve-cells towards acetic 
acid precisely accords with the account given by Kolliker. The indivi- 
dual parts of the cell generally become somewhat more visible in dilute 
acid ; the cell-membrane exhibits a more distinct contour, the contents 
of the cells become more granular and often more turbid, but notwith- 
standing this the nucleus not unfrequently appears distinctly visible. 
Concentrated acetic acid, after prolonged action or on the application of 
heat, causes the cell-membranes to swell till at length they become 
wholly invisible. The granular contents are dissolved, with the excep- 
tion of the darker granules, which occur in some of the cells ; and even 
the nuclei, which at first come more distinc^y into view, finally 
disappear. . • 

Very dilute hydrochloric acid (1 part in 12,560 parts of water) causes 
the nerve-fibre to swell, and renders the contents far more transparent. 
The separate fibres exhibit beautiful, sharply defined double contours ; 
between which there remains in the middle a perfectly transparent, 
tolerably broad space, which appears almost empty. Neither nerve- 
sheath nor axis-cylinder can anywhere be distinctly recognized. The 
delicate fibres of the sympathetic are not visibly altered in this very 
dilute solution of the acid, but the niyclei of Remak’s fibres, as well as 
those of the connective tissue, are' brought more prominently to view. 

There is very little alteration perceptible in the nerve-cells, even after 
a very prolonged action of this solution of the acid ; at most the mem- 
brane is rendered somewhat more hyaline and the contents rather more 
gjumous. 

Concentrated hydrochloric acid docs not bring into fiew the indivi- 
dual morphological elements either in the fibres or the cells ; but 
converts the whole into a pultaceous piass of smaller or larger strongly 
granulated dark clots, which, although most commonly j'oundish, may 
assume the most varied and capricious forms. If any remains of nerve-' 
fibres are present, they are found to be very much thickened ; the dark 
clots are perfectly isolated and arranged only in one direction, and no 
trace of a nerve-sheath is perceptible. When a freshly prepared micro- 
scopical preparation's treated with concentrated hydrochloric acid, the 
individual nerve-fibres diminish in length, but increase to an extraordi- 
nary degree-in breadth ; the nerve-pulp becomes coarsely granular and 
dark, whilst from the cut extremities nodular or coarsely granular 
masses protrude, and most distinctly bring into view the coiled roundish 
threads or axis-cylinders. In this way more frequently than by any 
other method of exhibiting the axis-cylinder, I have been able to see 
the sheath ^ihd nerve-pulp dissolve, In the middle of a fibre, leaving only 
the axis-cylinder, which at these points' might be traced in both direc- 
tions through the comparatively uninjured nerve-fibre. The peculiar 
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property of concentrated hydrochloric acid in simnltane?>usly thickening 
and shortening the nerve-^re is beautifully illustrated in small bundles 
of nervous fibres, which are surrounded by the neurolemma. , The latter 
varies in expansibility according to the amount of connective |>r elastic 
fibres which it contains. When, therefore, the nerve-tubes which it 
encloses are much ' swollen, several protuberant dilatations and corre- 
sponding constrictions ifppear in one and the same bundle. The fibres 
projecting from the neurolemma at the extremities of the bundles diverge 
in a brush-like form, whilst the nerve-pulp protrudes from the cut extre- 
mities of the fibres, giving to the whole a bouquet-like appearance. 

When fresh nerve-fibres are allowed to remain for some time immersed 
in concentrated nitric acid, the whole mass becomes intensely yellow 
and very friable or soft. On observing under the ifiicroscope tjbie direct 
action of nitric acid, we find that the individual fibres are thickened and 
shortened as in the case of concentrated hydrochloric acid, although in 
a less degree. The double contours cease to be recognizable in fibres 
which have been treated for a longer period with nitric acid ; the whole 
contents of the nerves appear coarsely granulated, and we can perceive 
no light interspace, or bright central stripe : the nerve-tubes are 
generally found to have become thinner rather than thicker, and the 
nerve-sheath can scarcely be recognized with certainty. It is seldom, 
however, that a microscopical preparation of this kind is thoroughly 
examined without our detecting some nerve-fibres with the axis-cylinder 
most distinctly projecting from one extremity like the wick from a taper. 
Frequently, indeed, six or more of these taper-like nerve-tubes may be 
seen, the projecting axis-cylinders of which exhibit a distinct yellow 
color ; ‘these have frequently an undulating outline when they project to 
any great distance, and in some rarer cases have an intestine-like coiled 
appearance. If fibres, which have been treated with nitric acid, are 
boiled with absolute alcohol, they become very hyaline, and their out- 
lines grow less distinct, although the yellow transparent nerve-sheath 
may still be dejtected at different spots, whilst the interior exhibits ^a 
faint granulation, the color of which cannot, however, be determined 
with certainty. The axis-cylinders are often thus seen more distinctly 
than by the mere application of nitric acid. 

If we boil teased (or unravelled) nerves with alcohol and ether, and 
after the removal of these fluids allow them to remain for some time in 
concentrated nitric acid, the nerve-sheath, as Kblliker has already 
observed, is brought into view, exhibiting faint granules and very beau- 
tiful, often detached axis-cylinders. Under favorable conditions there 
is scarcely any means by which the sheath and axis-cylinder can be 
more beautifully exhibited. 

The first effect of concentrated nitric acid upon the nerve-cells is to 
render the cell-walls more distinct, and the contents more granular ; the 
cell-membrane, however, soon disappears, and we can perceive only the 
nucleus in addition to a confluent granular pulpy mass. When the gray 
substance of the brain has been immersed fot any leng^ of time in 
conki^ntrated nitric acid, nothing efth be recognized in addition to the 
elements of the fibres, excepting nuclei' ahd nucleoli, which are the sole 
remnants of the nerve-cells. 
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Concentrated mlphuric acid Cthe third hydrate) forms a fine purplish- 
red or violet fluid, after remaining for some time in contact with the 
nerve-fibres. The color resembles that which appears in Pettenkofer’s 
bile-test. The addition of sugar is not neeessary for the production of 
this colori* The separate nerve-fibres exhibit a very beautiful violet tint 
when seen under the microscope ; the nerve-sheath, which is found to 
swell in a gelatinous manner when sulphuric acid is added to a fresh pre- 
paration, is rendered entirely invisible in this case. The nerve-pulp is 
converted into an uncommonly fine granular indistinct body, and it is 
only in rare cases, although then with extreme distinctness, that the 
axis-cylinders can be recognized in the individual fragments of nerves. 
The fluid containing granules and viscid globules, and surrounding the 
partially undestroyed nerves, is likewise of a violet color. 

Chromic acid, or a saturated solution of the bichromate of potash, 
when decomposed with a little sulphuric acid, contracts the transverse 
diameter of the nerve-fibres, and imparts to them an intense yellow 
color. After the nerve-fibres have been immersed for a considerable 
time in this fluid, they appear somewhat narrower, but sharply defined 
(the double contours of the animal, nerve-fibres arh, however, no longer 
visible) ; the ncrvc-pulp becomes more coarsely granular and renders 
the fibres opaque, so iliat the axis-cylinder can no longer be saen within 
them. The contracting action of this reagent on the sheath is very 
beautifully and distinctly shown ; we observe at different spots irregular, 
nodular, but most commonly roundish drops of nerve-fat protruding 
from it. When the action of the chromic acid is not too strong, the 
sheath exhibits rents, from which the viscid ncrve-piilp exudes, and this 
appearance is so clearly defined that it is impossible to refer it to any 
deception. The sheath is completely ’burst or destroyed at different 
points, and the nerve-pulp diffused through the fluid, so that nothing but 
the pale-colored, sharply-outlined filiform axis-cylinder remains visible, 
whilst in other nerve-tubes the transition of the cylinder into, slightly 
altered fibres may be distinctly traced. With the exception of the fol- 
lowing reagent, there is nothing which exhibits the morphological con- 
stituents of the nerve-tubes more distinctly than chromic acid. 

This acid causes the nerve-cells in some degree to contract, and gene- 
rally renders their outlines more distinct. The contents are scarcely 
rendered more grumous than they previously were, whilSt there is no 
important difference to be perceived either in the nucleus or the nucleolus. 
The cerebral and the ganglionic masses are moreover hardened by the 
action of chromic acid. 

An aqueous solution of iodine (or what is better), ioding in a solution 
of hydriodic acid, colors the nerves yellow, and leaves the fibres tolerably 
coherent, so that they may bo very easily prepared, for microscopical 
investigation, and traced into the individual filaments. After the pro- 
longed action of the above-named fluid, each individual nerve-tube 
acquires a pale yeljow appearance, and becomes broader, showing a 
tolerably distu^ct contour (the animal fibres without double contours) ; 
the sheath Oftn be readily recognised at individual points ; the grumous, 
but very finely granular pulp appe^s to fill the whole cylinder, although 
by a proper mode of arrangement the axis-cylinder may be traced with 
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tlie greatest distinctness within the nerve-fibre, following a straight 
rather than a coiled direction. If the preparation has been very 
thoroughly unravelled, the axis-cylinder may often be seen protruding 
from Tijth to Jth of a linfe beyond one of the uninjured ^ nerve-fibres, 
being generally straight or slightly bent, rounded, and of a fiUnt yellow 
color ; but occasionally presenting a somewhat coiled appearance. 

The aqueous solution of iodine acts upon the nerve-eells in nearly the 
same manner as upon the fibres. 

Milton's reagent (subnitrate of mercury with nitrous acid) renders 
portions of nerve hard and tough, and gives them an intense purple 
color. The individual bundles do not admit readily of being separated 
into fibres. Under the microscope the nerve-sheath exhibits a sharp 
outline ; the pulp is not so coarsely granular as after the application of 
chromic acid, nor so delicate as after the action of hydriodic acid. The 
granules render the whole nerve-tube very dark, and prevent the recog- 
nition of the axis-cylinder. In preparations obtained by unravelling or 
teasing, we see, however, a number of axis-cylinders either isolated or 
projecting in a very twisted form from a portion of undestroyed nerve- 
fibre. The microscoiie scarcely shows any trace of color in the indivi- 
dual nerve-fibres, or, at most exhibits only a yellowish, and not a violet 
color. 

A solution of corrosive suhlimate^ which is especially recommended 
by Purkinje for the exhibition of the axis-cylinder, acts independently 
of the coloration in very nearly the same manner as subnitrate of mer- 
cury ; but the use of this reagent scarcely facilitates the detection of 
the axis-cylinder within the uninjured nerve-tube more than the preced- 
ing fluid. ^ 

The gray cerebral substance,- and 'the sympathetic ganglia harden 
when immersed in solutions of these two metallic salts. The nerve-cells 
slightly shrivel, and the cell-membrane is rather more distinct : the con- 
tents become more grumous and untransparent, so that the nuclei cannot 
easily be detected, and the nucleoli only with great difliculty. 

A very coneentrated solution of chloride of calcium renders small 
nerve-bundles somewhat transparent, but at the same time extremely 
tough and clastic, so that it is only with great care that we can obtain 
even a moderately good preparation, in consequence of the extreme 
difficulty of separating the fibres. When viewed under the microscope 
the isolated nerve-fibres appear coiled in an intestine-like manner and 
somewhat distended, the sheath cannot 1*cadily be distinguished, and the 
pulp is converted into a somewhat coarsely granular matter, showing no 
distinct centi'al fibres ; it is only at particular points that a portion of 
the axis-cylinder may be seen projecting from the extremity of a fibre 
like the wick from^the end of a candle. 

When immersed in a concentrated solution of carbonate of potash, the 
nerve-tubes swell somewhat up, and seem partially twisted, the nerve- 
sheath being unequally extended, so that the tube resembles the colon in. 
forlp.,? The individual dilatations are not sharply separated from each 
othej, but on tlip whole the contents are rather clear and translucent 
than granular; the axis- cylinder and sheath cannot be recognized. Some 
light roundish filaments may be seen at the extremities of individual 
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nerve-fibres which bear an extraordinary resemblance to axis-cylinders, 
although it is not very certain that they may not be due to the connec- 
tive tissue, which frequently gives rise to precisely similar filaments. In 
our deseriptaen of the above experiments we have therefore only desig- 
nated these filaments as axis-cylinders in those cases in which their form 
and position showed they could be nothing else. Objective certainty 
was unattainable in regard to these filaments, although it seems in the 
highest degree probable that the axis-cylinder remains uninjured in car- 
bonate of potash. 

Virchow’ first noticed that the substance of the nerves becomes 
hardened in solutions of carbonate of potash ; the fact, observed by my 
friend Ed. Weber, is especially woi thy of notice, that the course of the 
fibres may be traced in an extremely beautiful manner in the brain and 
spinal cord, when they have been previously treated with a solution of 
this salt. 

The nerve-cells are also but slightly altered in form in solutions of 
carbonate of potash. 

If prepared nerves are suffered to be immersed for any length of time 
in a dilute solution of soda, the separate fibres appear to become more 
faintly granulated, somewhat contracted in their diameter, and no axis- 
cylinder can be detected ; the double contours of the cerdaro-spinal 
fibres are also no longer visible. But when a dilute solution of soda is 
added to a fresh preparation whilst under the microscope, the sheath 
contracts, as was observed by Kiilliker ; while the nerve-pulp protrudes 
either at the extremities of the torn fibres, or through the sheath, which 
bursts at the point of contraction, in the form of vesicles and granules 
and more or less sharply defined light or dark globule^. It is only in 
rare instances that the gelatinous dwelling and final disappearance of the 
axis-cylinder can be distinctly traced. 

When nerve-preparations which have previously been boiled with 
alcohol or ether are suffered to remain for a considerable time in a dilute 
solution of soda, the nerve-tubes appear to be considerably contracted, 
and to become almost perfectly pale ; there is very little indication of 
any granulation in them, and the appearance presented to us is that of 
contracted nerve-sheaths from which the contents were entirely removed. 

The nerve-cells swell in a dilute solution of soda and become paler ; 
in the meanwhile the cell-membrane is frequently rendered more distinct 
(Kblliker), but after a time the nucleus wholly disappears. When the 
gray substance of the brain, or any other nervous substance rich in cells, 
is exposed to the action of a dilute solution of soda, the cells, that is to 
say, both the walls and the nuclei, wholly disappear, leaving only a more 
or less finely granular substance. 

When the nerve-fibres have lain for a prolonged timp in a concentrated 
solution pf potash, the whole mass becomes converted, on bei^ well 
shaken, into a white emulsive fluid ; under the microscope, in addition to 
simfde and double outlined, light or dark vesicles, there appear the most 
complicated forms of this fat-like matter. Although baton-like bodies 

* Zeitsch. f. rat. Med. Bd. 4, S. 276. 
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having double contours, or long filaments varicosely swollen at individual 
points, become visible, these cannot be regarded by any one who observes 
them attentively, as the remains of nerve-fibres, for both the sheaths and 
the axis-cylinders are completely dissolved on prolonged digestion. But 
when a concentrated solution of potash is added to a fresh preparation 
of animal or vegetative perve-fibres, the contents of the individual tubes 
become granular, the double contours of the animal fibres disappear, and 
no trace of the ..axis-cylinder remains. If the preparation is suffered to 
remain in the air for a prolonged time (until it absorbs water), or if 
water be added, the outlines disappear gradually, but completely, leav- 
ing only serially arranged granules which indicate the former position of 
the fibres. 

When fresh preparations are treated with a concentrated solution of 
potash, the nerve-cells become slightly contracted, their contents exhibit 
a more granular appearance, and neither nucleus nor nucleolus is visible ; 
on the addition of water they are observed to swell up, and the contours 
gradually to disappear in the fluid ; the nuclei do not appear, and at 
length nothing remains visible but a little granular matter. 

When preparation^ of nerves whigh have been immersed in concen- 
trated nitric acid for any length of time are brought in contact with a 
dilute solution of potash, the granular contents .exude in the form of 
pale drops or globules from the yellow-colored portions of fibre, leaving 
only the empty sheaths, which appear to be of an extremely pale yellow 
color. This method, which was first suggested by^Kblliker, is, perhaps, 
the best adapted for bringing to view the sheaths of the individual nerve- 
fibres. 

When nerve-fibres, which have been immersed for a considerable time 
in concentrated acetic acid, are* trea.’ied with boiling ether or alcohol, 
their appearance is found to differ according as these agents have acted 
more on small bundles or on individual portions of fibres. The longer 
portions, or the nerve-fibres that have been separated by the method 
described in the preceding paragraph, appear to be somewhat contracted 
when compared with the thick coarsely granular fibres which have b^fen 
treated with acetic acid only ; the pale contours, corresponding to the 
sheath-membrane, become distinctly visible at certain points; invested 
in thjs membrane we see short portions of a granular substance, which 
are separated 'from one another by light intermediate spaces ; there is 
usually no axis-cylinder to be recognized in these fibres. If the acetic 
acid has not exerted its action for too long a time, and especially if it 
has not been warmed, the axis-cylinder may be very distinctly seen in 
the torn frag^^ents of a nerve-fibre after it has been treated with alcohol 
or ether, and its projecting end may be traced for a considerable distance 
within the tube, ^ery short portions of nerve-tubes seem, however, to 
be perfectly empty, appearing like tolerably regular, very faintly granu- 
lar, extremely transparent cylinders, bew^i;^ some resemblance to the 
urinary cylinders in Bright’s disease, which are composed of the msm- 
htj^na propria of the tubes of Bellini, only tiiey are far narrower and at 
least equally hj^^line. . ^ . * 

If we now proceed to consider the conclusions which may be deduced 
from the above-described micro-chemical reactions, and from others on 
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a larger scale, we find that the following is the chemical constitution of 
the separate morphological constituents of the nerve-fibres and cells. 

The sheath of the nerve-fibres consists, according to the above obser- 
vations, of a structureless, somewhat elastic membrane, which does not 
swell in a gelatinous-like manner in acetic acid, is not dissolved cither by 
boiling or by treatment with dilute alkalies, and cannot, therefore, at all 
events, consist of pure connective tissue. It dissolves completely in con- 
centrated acetic acid, as well as in solutions of potash and soda after pro- 
longed digestion or boiling, and likewise in concentrated sulphuric acid, 
but does not dissolve in concentrated nitric acid, which appears to im- 
part a yellow color to the empty sheaths, although it cannot be distinctly 
determined by the microscope whether this pale yellow color proceeds 
from the sheath itself or from the small quantity of albuminous matter 
remaining in the partially emptied nerve-fibre. We are thus led to the 
hypothesis advanced by Mulder’ and Kblliker,® that the sheath of the 
nerve-fibre consists of a substance not unlike elastic tissue, from which it, 
however, differs by its solubility in boiling acetic acid, and by its greater 
solubility in a solution of potash. It is very analogous to the sub- 
stance of the sheath of the primitive bundles of muscles, but resembles 
a true protein-substance much more nearly than does the elastic tissue. 

The axis-cylinder consists, according to all the above-mentioned reac- 
tions, of a protein-substance which presents many resemblances to the sub- 
stance of the muscular fibrils (syntonin^, although it is certainly not iden- 
tical with it. The substratum of the axis-cylinder shows itself to be a pro- 
tein-substance by its behavior towards acetic acid and very dilute hydro- 
chloric acid, towards dilute and concentrated alkaline solutions, towards 
concentrated nitric acid and potash, as well as towards concentrated sul- 
phuric acid. This substance differs frofli ordinary blood-fibrin by the diffi- 
culty with which it dissolves in acetic acid, and by its perfect insolubility 
in carbonate of potash, as well as in a solution of nitre after a prolonged 
digestion at a temperaWre of 30°; and it is distinguished from muscle- 
fibrin (syntonin) by its insolubility in dilute hydrochloric acid, and by 
tile difficulty with which it dissolves in acetic acid. It is scarcely possible 
to confound it with the substratum of any other elementary tissue. The 
substratum of elastic tissue is perfectly insoluble in dilute alkalies and in 
acetic acid. Moreover, the substanife of the axis-cylinder cannot be 
composed of gelatigenous connective tissue ; for, independently of the 
above-described behavior towards acids and alkalies, it undergoes no 
change whatever when boiled with water. Least of all could we have 
expected that any one should regard the axis-cylinder as composed of fat, 
or at all events, of a very fatty substance, as Mulder and, Ponders have 
actually done. The constantly recurring cylindrical form which is ob- 
served on the application of the very different reagents which have 
been mentioned, the great coherence, the elasticity and sharp outline of 
the axis-cylinder, its complete insolubility in boiling alcohol and ether, 
its continuous visibility on the application of reagents which expel and 
dissolve the fat from thenerve-tubes, and, lastly, the entire absence of ex- 
perimental evidence that a fat can under any circumstances be converted 

' Ters. einer physiol. Chemie, S. 6fiA [or English Translation, p. 6021. 

* Mikrosk. Anat. Bd. 2, S. 897. 
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into a consistent and resistant filament, incline ns to believe that Mul* 
der’a assertion must be ascribed either to a simple error of memory or to a 
lapsus calami; for, although we may not be able to prove deSnitively 
that the axis-cylinder is wholly free from fat, the above readions appear 
to show beyond a doubt that it consists essentially of a prOtein-like 
body, and that the fat which is so abundant in the nerves is principally, 
and in all probability, entirely accumulated in the nerve pulp. Kiilliker 
has been led to advocate this view from his investigations regarding the 
axis-cylinder. 

The medulla or nerve-pulp appears, as we have already seen, to be 
perfectly homogeneous in recent preparations of the nerves, and more- 
over so perfectly transparent, that we can scarcely conceive it to be any- 
thing more than a viscid emulsive fiuid, although the above-indicated 
micro-chemical reactions, and the behavior of the nerve pulp in water, 
and on exposure to cold, show, that in addition to an abundant supply 
of fat, it also encloses a protein-substance, permeated by aqueous mois- 
ture. I can hardly compare this protein-substance to coagulated albu- 
men, as some other observers have done, for albumen in a state of coagu- 
lation would easily admit of being distinguished under the microscope 
from fat, by the molecular form which it presents in this condition. It 
may very probably be regarded as corresponding *with soluble albumen 
or casein, for when chemists engaged in analyses of the cerebral sub- 
stance speak of coagulated albumen, they do not refer to the albumen of 
the true nerve-pulp, but to the fibrin-like matter of the axis-cylinder. 
The albuminous substance of the nerve-pulp is, however, entirely dif- 
ferent from the matter forming the axis-cylinders. This substance is 
soluble in, or rather it may be extracted from, the nerve-pulp by a dilute 
solution of soda, and by acetic acid whan not too much diluted ; so that 
after repeated treatment with boiling alcohol or ether, the nerves appear 
to be perfectly empty, with the exception of the axis-cylinder. When 
nerve-fibres have been treated with alcohol or ether, after having been 
exposed to the action of concentrated nitric acid, or conversely when 
they have first been treated with nitric acid, and subsequently with a fat- 
solvent, they still exhibit finely granular yellow-colored contents, which 
can be nothing else than this protein-substance, which is now in a coagu- 
lated state. 1 have frequently been at great pains to ascertain the pre- 
sence of a protein-substance coagulable by boiling or by acetic acid in 
cerebral matter which had been extracted with water ; but from various 
causes, amongst which may be mentioned the emulsive form which the 
fluid constantly presented, the blood-serum which it always contained, 
and the power,, exerted by acetic acid in decomposing Idie fatty matters, 

1 was prevented from obtaining any undoubted result. Although it is 
very difficult to obtain direct proof jrom microscopical observations, or 
ratW to form a judgment from them, the descriptions of the alterations 
experienced by the nerve-pulp on the addition of different reagents (in 
becoming coarsely or finely granular or crystalline) seem to indicate that 
the herve-pulp contains a soluble protein-substance in the plosest admix- 
ture <with a fat dissolved by easily decomposable soaps, and that the visi- 
bility of the pulp is owing less to the coagulation of this albuminous 
body than to the separation of the fat from the decomposing soaps and 
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the albuminous substance. It might, indeed, be assumed from the altera- 
tion which is gradually perceptible in the pulp of fresh nerves, on ex- 
posing them to the action of the air, water, or cold, that a substance 
similar to the fibrin of the blood was in solution in the fresh nerve, and 
subsequeiMilj coagulated like blood-fibrin ; but repeated microscopico- 
mechanioal investigations of the nerve-fibre do not especially favor this 
hypothesis, for the substance which is separated has always more or less 
the character of fat, but not that of fibres (like coagulating blood-fibrin), 
or that of the finest molecular granules (like other protein-bodies in coa- 
gulating). For even if we assume such a spontaneous coagulation of 
the albuminous substance of the nerve-pulp, the undoubted separation of 
the fat would still remain unexplained, and we should be compelled to 
have recourse to the preceding conjecture, regarding the separation of 
the fat from the solution of the salts of the fatty acids. It seems to us, 
however, that Hcnle’s* view, that the nerve-pulp is not an emulsion, 
but an actual solution or mixture, leaves no doubt in relation to this 
question. 

It may be observed that Bence Jones* has made an elementary ana- 
lysis of the residuum which is left after boiling the*hrain in alcohol, ether, 
and water, and found that its composition was the same as that of albu- 
men. It is scarcely anecessary to remark that in the present atate of our 
knowledge, no conclusions can be deduced from such analyses as these. 

The fats of the nervous substance can more readily be submitted.on a 
large scale to accurate chemical investigation than any other constituents 
of the nerve-fibres, but this very circumstance has thrown extraordinary 
difficulties in the way of inquirers, which have been increased from tho 
fact that the chemical investigation was not simultaneously associated 
with a careful microscopical exanlinatibn of the matters that were being 
chemically treated. Whilst so distinguished a chemist as Couerbe* has 
distinguished a' number of indistinctly characterized fats, as a cephalot, 
eerebrot, stearoconnot, eleencephol, &c., a no less distinguished chemist, 
Fremy,^ arrived at very opposite results, which, although they threw 
o'bnsiderable light on this question, did not by any means exhaust the 
subject in a chemical point of view. Gobley,* as we have already ob- 
served in vol. i. p. 218 , separated phosphate of glycerine from the brain- 
fat. The following facts are almosf the only ones possessing any cer- 
tainty which have been obtained from the investigations hitherto made 
in relation to these fats (which were nearly all extracted from the brain). 
According to Fremy, boiled alcohol will extract from triturated cerebral 
matter olein and oleic and margaric acids, and fats which are combined 
in part with soda, potash, or lime ; on then digesting the :|;esidue with hot 
ether, cholesterin and cerebric and oleopiiosphoric acids are obtained in 
solution. The separation of these two groups is no^ however, bo perfect 
as might have been supposed from the above remarks ; for a considerable 

' Allg. Anat. S. 024. 

* Ann. d. Ch; n. Pharm. Bd. 40, S. Ce ff. 

* Ann. de Chlm. et de Phys. 2 S4r. T. 66, p. 164-180. 

* Jourh. de' Pbarm. T. 26, p. 769-794; and Ann. de Chim. et de Phye., 8 S<Sr. T. 2, 

p. 468-488. , 

® Journ. de Chim. et do Phys. 3 S6r. T. 11, p. 409-417, et T. 12, p. 6-13. 
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amount of cerebric acid and choiesterin passes into the alcoholic solution, 
whilst oleic and margaric acids are found in the ethereal solution. 

Fremj obtained the cerebric acid tolelfably pure, by again stirring the 
ethereal extract of the brain with cold ether, from which s '%hite mass 
separated, which soon assumed a waxy character after dectantation of 
the ether on exposure to. the air. The fatty acid was combined here 
with soda and. lime ; this soap was next dissolved in boiliiig anhydrous 
alcohol, and decomposed with a few drops of sulphuric acid. After the 
sulphates (which contained a little coagulated albumen mixed with them) 
had been removed by filtration, the hot solution was allowed to cool ; 
from this the cerebric acid separated itself, mixed with a little oleophos- 
phoric acid, which latter substance was removed by means of cold ether, 
and the cerebric acid once more crystallized in hot ether. 

This substance, which Gobley thinks he has also found in the fat of the 
yolk of egg, farms a glistening white powder, which is insoluble in cold 
alcohol and ether, but dissolves in both upon boiling. The white granules 
swell in water. This acid combines with most bases and forms salts, which 
are perfectly insoluble in water. Fremy found in the dried baryta salt 
7‘8g of baryta; in lOO'parts of the acid, according to separate determina- 
tions, 66*78 of carbon, 10*68 of hydrogen, 2*38 of nitrogen, and finally 0*98 
of phosphorus. The quantity of oxygen must, thei^fore, have amounted 
to about 19*58, whilst the saturating capacity was about 0*884. 

Fj;emy’s oleophosphoric acid has been examined even less accu- 
rately than cerebric acid. He obtained it by treating the ether-extract 
of the brain, from which the cerebric acid had been deposited, with 
cold ether. It remained combined with soda after the ether had 
been removed by distillation, and presented the appearance of a viscid 
mass. It appears to be separable frotn the base by washing with a 
dilate acid. When isolated, it forms a yellowish viscid mass, which is 
inflammable, and leaves a bulky carbonaceous residue, from which phos- 
phoric acid may be extracted by water; it is insoluble in water and cold 
alcohol ; but dissolves in hot alcohol as well as in cold and hot ether. If 
this acid is boiled with alcoholic solutions of mineral acids or alkalies it 
is decomposed, according to Fremy, into olein, and oleic and phosphoric 
acids. Although Chevreul conjectured that the brain-fat might be a 
combination of olein and phosphoric acid, such a decomposition of oleo- 
phosphoric acid* is somewhat remarkable, considering our present views 
of the decomposition of the fats ; and indeed, Gobley believes that he 
has found that oleophosphoric acid yields only oleic acid and phosphate 
of glycerine, and not olein, during the decomposition which it undergoes 
during the putrefaction of the brain. This question does not, however, 
admit of a ready solution, since it is very difficult altogether to free the 
substance which Fi;emy terms oleophosphoric acid from the olein and 
cerebric acid adhering to it. We may, however, readily convince our- 
selves that Fremy was mistaken in believiiig free phosphoric acid to be 
formed, the substance being, as Gobley has found, phosphate of glyoe- 
rine?* I succeeded on one occasion in most unquestionably demonstrating 
the ptosence of phosphate of glycerine in the mass obtained from a very 
diffused yellow softening of the brain, which, as Rokitansky has shown, 
contains a free acid. Moreover while Fremy found from 1*9 to- 2*08 of 
phosphoric acid in his oleophosphoric acid, Gobley, on decomposing the 
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same acid by acids and alkalies, always obtained margario acid in addi- 
tion to oleic acid, — a proof of the obscurity which still envelopes the 
whole subject. It seems indeed to be proved, from the observations 
Mtherto maifle in relation to this question, that the elements of these two 
kinds of > cerebral fats are very unstable, that is to say, that they are 
extremely prone to numerous decompositions, and that they are mere 
admixtures of substances of which the one may have served the other as 
a medium of solution or distribution. The presence of nitrogen in the 
cerebric acid, and Fremy’s assertion that albumen passes into the ethereal 
solution, are questions which, singularly enough, have hitherto failed to 
excite observers to any more exact investigations, although they are at 
variance with pre-existing observations, and may very probably be of 
great significance in reference to the function of the nervous system, 
which is so immutably combined with its chemistry. 

The cholesterin which occurs in the fat of the brain is partly taken up 
by the alcoholic extracts, and partly dissolved by ether, together with 
the cerebric and oleophosphoric acids, which it accompanies m all their 
solvents. 

The analyses of so careful an ojbserver as Fremy preclude the possi- 
bility of doubting that pure olein is contained in brain-fat, although we 
cannot consider it a& demonstrated that this olein is derive<i from the 
(so-called) oleophosphoric acid. 

The quantity of oleic and margaric acids obtained by Fremy on ex- 
tracting the brain-fat with alcohol containing ammonia, is ver^ sihall. 
When, as is often the case, these fatty acids are found in considerable 
quantity in the brain, their presence may in reality be owing to the 
facility with which the brain and its fats are decomposed. 

We know but little of the chemical ‘composition of the morphological 
elements of the nerve-cells, for the micro-chemical reactions already 
given lead us to a very few conclusions on this point. From these ob- 
servations it appears that the investing membrane of these cells does not 
easily dissolve in acetic acid and in alkalies, although it certainly cannot 
bb regarded as entirely insoluble in them. It may, indeed, boar some 
resemblance to syntonin, for the cell-membrane is insoluble in carbonate 
of potash, and, as we have already stated, the nerves harden in a solu- 
tion of this salt. It is worthy of notice in reference to this subject, that 
the gray, highly cellular substance of the central organs becomes more 
hardened than the white. 

The nuclei of the nerve-cells, like those of most other cells, are ren- 
dered more distinc^y visible by acids, whilst they disappear in alkalies, 
without, however, enabling us to form any exact idea of their chemical 
nature. 

It appears from the micro-chemical reactions, which have been pre- 
viously described, that the semi-fluid granular contents of the nerve-cells 
are much poorer in fat than the pulp of the nerve-tubes ; for after the ap- 
plication of acetic or hydrocdiloric acid, or other reagents, we perceive a 
far smaller quantity of coarse granular fatty matter in them than in the 
nerve-pulp. This observation wouM appear to acquire corroboration from 
the smaller quantity of fat in the gray than the white substance of the 
brain, provided, indeed, that any mefimte conclusions can be drawn from 
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analyses of entire portions of the brain. All analysts have found only 
very little fat in the gray substance, which is so rich in cells, whilst in 
the fibrous medullary substance there is at least four times as much fat 
present. As, moreover, the contents of the nerve-cells are rendered 
much paler by the application of alcohol or ether, their graoqdsr appear- 
ance must be owing less to fat than to other molecular mstters. These 
granules must i^ot, however, be confounded with those v^7 d^rk granules 
which are insoluble in caustic alkalies, and which we chiefly see in the 
nerve-cells which are either stellate or provided with long processes or 
prolongatioim. These consist of a substance which is still chemically 
unknown to but which is not very dissimilar to pigment-granules. It 
would appear, therefore, highly probable from the above observations, 
that the principal part of the contents of the nerve-cells consists of a 
partly dissolved, and partly only swollen protein-substance. 

If wo now take a glance at the little that is known regarding the 
composition of the cerebral and nervous masses generally, the following 
points present themselves to our notice ; we must, however, bear in mind 
that the cerebral mass contains a large number of bloodvessels, and, con- 
sequently, a quantity of blood, which must not be included in the analysis. 

We were not in possession of any very carefully conducted investiga- 
tions respecting the amount of water and fat preij,ent in different parts 
of the brain, until the subject was recently undertaken under Schloss- 
berger’s superintendence by Hauff and Walther,* and by von Bibra.® 
These ‘investigations have led to results which are on the whole of a 
very conclusive and accordant character. It is perfectly established that 
the white substance of the brain is much poorer in water and richer in 
fat than the gray matter. With reference to individual portions of the 
brain, the quantity of water seems to stand in an inverse ratio to that 
of the fat. In the cortical substance of the hemispheres Hauff and 
Walther found from 85 to 86J} of water, and only from 4*8 to 4*9^ of 
fat ; and von Bibra from 84 to 88g of water, and from 5'5 to 6‘58 of 
fat ; whilst the former of these observers found 70’2g of water, and from 
14'5 to 15*5^ of fat in the white substance of the corpus callosum, the 
latter obtained hrom 63*5 to 69*28 of water, and from 20 to 21^ of fat. 
On comparing the quantity of fat and water found by these analysts in 
the different parts of the brain, we find that it may be predetermined 
with tolerable accuracy according to the relative amount of the white 
and gray substances. The same relation was found to exist not only in 
man, but in all animals in which the brain is sufficiently large to admit 
of the anaWsis of the separated gray and white matter for fat or water. 
Moreover Lassaigne® had previously found that the gray substance was 
richer in watei^'than the white, the former yielding 85*28, the latter 
on^ 78’08 of water. 

von Bibra found^that in man, as in most animals, the greatest quan- 
tity of fat was deposited in the medulla oblop^ta. 

vauquelin, as well as Frcmy, found whole brain (gray and 

whhe substance mixed) yielded with tolerable uniformity 80g of water 
and 58 of fat, whilst Dennis found only about 78 or 768 of water, but 

I Ann. d. Ch. tt. Pharm. Bd. 8S, S. 42-66. * Ibid, p 201-224. 

® Compt. rend. T. 9, p. 703, et T. 11, p. 763, 
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as much as 12 or 13^ of fat ; von Bibra found on an average 75'54g of 
water and 14*48g of fat. In animals the quantities of water and fat 
were found to differ considerably. 

Bibra l^nd from 1’5 to 1‘98 of phoaphorxta in tho brain-fat. 

Fren^ found 7^ of albuminom matter in the brain ; and Lassaigne 
7*5 in the gray cerebral substance, and 9*9^ in the white substance. 

Lassaigne^ singularly enough, found only from 2*2 to 2*83 of salts in 
the brain of an insane patient, whilst, according to Yauquelin and Fremy, 
63 is the smallest normal quantity. 

Schlossberger* has recently made the remarkable observation on the 
brain of a child which died at birth, that, in the first place, the corpus 
callosum in new-born infants is as rich in water as the gray substance ; 
further, that the quantity of fat is nearly the same at this age in the 
gray and white substance ; and, finally, that the brain of new-born 
infants is generally much richer in water and poorer in fat than the 
brain of adults. 

Schlossberger found that tho quantity of water in the brain of the 
child referred to, varied only in different parts from 87*4 to 89'63, 
whilst tho fat fluctuated between 4*5 and 8‘88. 

When we pause to inquire whether any important conclusions can be 
deduced from the chemical investigations hitherto instituted ki reference 
to the nervous mass, as to any special function of the nervous system, 
we are obliged to admit the complete insuflSciency of our chemical know- 
ledge. But, however forcibly we may be compelled to admit the in- 
capacity of chemical assistance to explain the actions of the nervous 
system, chemists will not suffer themselves on that account to be de- 
terred from further investigations ; for they must be well aware that, 
without a careful examination <Jf thb chemical phenomena presenting 
themselves in the nervous system, they can never succeed in tracing 
nervous action to definite physical laws. The very great significance of 
the axis-cylinder discovered by Bcmak, and termed by him “ the primi- 
tive band,” the important discoveries of Dubois regarding electric cur- 
^nts in the nerves, and the minute and ingenious physiological experi- 
ments on the different functions of the individual systems of nerve-fibres 
and cells, wilj not afford us any deeper scientific insight into the general 
functions of this most delicate of arfimal matters, or justify us in esta- 
blishing definite laws, and not merely individual propositions or rules, 
until we shall succeed in forming for ourselves a mental representation 
of the reciprocal actions of the chemical substrata when the nerves are 
in a state of activity. If observers should ever succeed in detecting the 
presence in the nerves of a peculiar agent, active only in, living animals, 
or if the propagation of nerve-force, and the corresponding phenomena 
of reflex action, irradiation, &c., should be found to depend upon elec- 
trical currents passing through cylinders endowed with more or less 
thoroughly isolating walls, chemistry must still be called to our aid if 
we wish to obtain an exact physical explanation of such phenomena. 
Chemistry is too intimately Associated with all the most important ques- 
tions concerning the theory of the nerves to be excluded from its just 
participation in the study of that most noble of all animal matters in 

• Ann. d. Ch. a. Pharm. Bd. 86, 8. 119-126. 
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which are concentrated the highest vital functions. The share taken 
by chemistry in the explanation of the functions of the nervous system 
is now BO thoroughly and fully admitted that it is unnecessa^r iio enlarge 
upon this point. In correspondence with the physical and |nh^ological 
phenomena of the nerves, we find a substance acoumulaiea in them 
which exhibits such mobility in reference to its proximate constituents 
as is not to be met with in any other organ of the animal body ; the 
chemical phenomena very probably, therefore, stand also here in the 
closest relation to the physical and physiological. Scarcely any one 
can entertain the idea that the nerves which (as Ludwig’ has shown in 
his admirable Memoir on the influence of the nerves up(m the salivary 
secretion) co-operate directly in the elaboration of certain secretions 
from the blood, and influence their accelerated or modified separation, 
can control such functions without undergoing chemical change. The 
chemical substrata of the nerves are conformable to their functions ; 
for, as in all other organs, the physiological importance of the chemical 
constitution, and the relations of affinity between the chemical substrata, 
must accord with one another. (See vol. i. p. 86.) 

The analysis of the*nervous tissue ,is obviously still very imperfect, 
as must be seen from the above remarks. 

The most, suitable object for an investigation of this kind is probably 
the white matter of the hemispheres of the cerebrum, if we have refor- 
ence.only to the facility with which considerable quantities of it may be 
obtained. The white matter is far preferable to the gray, as it con- 
tains fewer bloodvessels, no nerve-cells and scarcely anything but nerve- 
fibres. 

In making the determination of the quantity of water, the same pre- 
cautions are required as in the ca^e of ‘every other organ, and especially 
of the muscles. Wo have already shown the importance of such pre- 
cautions in our observations on the latter organs. 

In determining the mineral constituents of the cerebral matter, it 
must be borne in mind that the ash exhibits «in acid reaction from the 
presence of free* phosphoric acid, and that it, on that account, general!^ 
encloses a considerable amount of carbon. As is well known, phosphorus 
is given off in a volatile form when carbon is heated with phosphoric 
acid or with acid phosphates, and 'any metallic chlorides or phosphates 
which may be present, are simultaneously decomposed ; hence, it is abso- 
lutely necessary to triturate the dried cerebral mass before its incinerar- 
tion with a little carbonate of baryta-— a precaution which will prevent 
any kind of loss. 

The moat r^ional method of separating the organic, and especially 
the morphological elements, and the one which accords most closely with 
the micro-chemical Reactions, is to treat the triturated cerebral mass with 
a dilute solution of carbonate of potash, as this solution does not attack 
the axis-cylinder or the nerve-sheath, and alters the nerve-pulp less than 
any other reagents, inasmuch as it simply dispolires the albumiUous ’sub- 
BtaniSe and the greater part of medullary fat ; the filtered fluid certainly 
painMM'in a turbid state through the filter, just as when pure water is 
used in place of the above reagent, bpt,here a much smaller quantity of 
> Mitt. (1. Zuroh. naturf. QesellsehafL No. 50/1851. 
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fat IB held in suspension, and a much larger amount actually dissolved. 
Mere traces of only histological elements, and often not even these, 
penetrate through the filter, and after repeated rinsings with the solu- 
tion of caarlbnate of potash there remains on the filter only a very little 
fat (principally a little cerebric acid) with the other organic matters. 
The albuminous substance of the nerve-pulp may easily be detected in 
the solution by means of the ordinary reagents after the fluid has been 
saturated with acetic acid, the precipitate separated by filtration, and 
the suspended fat removed by ether. 

The residue of the cerebral mass, which is insoluble in carbonate of 
potash, and, besides a part of the cerebric acid, contains only the axis- 
cylinders and the nerve-sheath's, must be heated in a dilute solution of 
potash or soda for the purpose of dissolving the acid ; from this solution 
the albuminous substance of the axis-cylinders, together with a little 
cerebric acid, is precipitated by acids, with the development of a little 
sulphuretted hydrogen. 

The residue of the cerebral matter, which is insoluble in dilute solu- 
tions of the caustic alkalies and their carbonates, contains scarcely any- 
thing but the nerve-sheaths and a.little cerebrate* of lime, the latter of 
which may be removed by boiling this residue first with dilute acetic 
acid, and subse(]^uently with ether. We cannot, however, unfortunately 
consider this residue as a chemically pure substratum of the nerve-sheaths, 
as the walls of the capillaries are intermixed with it. , 

The methods of investigation which wchavc described do not, however, 
as we stated, suffice to separate the cerebral fats in any rational manner 
from one another ; nor can we hope to see good methods employed for 
quantitative separation until the chemical constituents of the cerebral 
and nervous matter shall have beeh defermined with much greater exact- 
ness. 

[I have just received a copy of a Memoir by von Bibra, entitled 
“ Comparative Investigations of the Brain of Man and the Mammalia 
his principal conclusions are here given. Much interesting matter upon 
tRe subjects discussed in this section will also be found inrSchlossberger’s 
Memoir on the Nervous System in his “ First Attempt at a General and 
Comparative Animal Chemistry,”* which is now in the course of publi- 
cation. 

"Von Bibra’s Memoir is divided into nine sections, which treat re- 
spectively of : 

I. The relative proportions of water, fat, and solid constituents in 
the brain of man and animals. 

II. The fats of the brain. 

III. The water-extract of the brain. 

IV. The inorganic constituents of the brain. 

y. The amount of phosphorus in the brain. 

VI. The gray and white substance of the brain. 

VII. The brain in insane patients. 

' Vergleich«nde TJntersuchungea uber djks Qehim des Menschen and der Wirbelthiere. 
Ton Dr. Freiherro Ernet von Bibra. Manj^eim, 1864. 

• ErSter Versuch ehier nllgcmeinori 'bnd' ver'gleiohenden Thier ohemie. Von Jnlins 
Eugen Schlossberger. Erote Lioforaug. Stuttgart, 1854. 
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VIII. The brain in the embryo and in extremely young animals. 

IX. The weight of the brain as compared to that of the body. 

I. From a very large number of analyses (he determin^^ijh^ amount 
of fats, water, and solid constituents in more than 100 cfiBefi in the hu- 
man brain, in 138 other mammals, in 75 birds, and in 1.3 amphibians and 
fishes) he draws the following conclusions. 

1. Within certain limits the quantity of fat is constant in the brain of 
man, as also in that of other animals. 

2. Diseases of the general system, and even such as induce a diminu- 
tion or disappearance of the fat in other parts, do not odcasion a dimi- 
nution in the amount of the brain-fat. 

3. Fattening an animal appears to exert no special influence on the 
amount of fat in the brain. 

4. The brain in other mammals contains less fat than the human brain. 

Where the opposite is the case, it appears to be induced by the ratio of 
the weight of the brain to that of the body, that is to say, the smaller 
quantity of cerebral substance is compensated for by a larger quantity 
of fat. ' ^ 

5. The brain in birds contains less fat than the brain in mammals. 

6. The brain in amphibians and fishes contains'a trace less fat than 
that of birds. 

In man, other mammals, and birds, the medulla oblongata contains 
the largest amount of fat. 

8. The quantity of fat in the hemispheres is both relatively and abso- 
lutely greater in man than in the other mammals, and in the latter than 
in birds. 

9. The whole quantity of brain-fat in old men is a little less than that 
in adults in the prime of life. 

10. The water and solid constituents (the fat not being included) fall 
and rise in their amount in all classes of animals with the augmentation 
or diminution of the fat, the albuminous matters being liable to the 
greatest variations. 

11. It is not definitely established that the brain in mammals contains 
a larger mean quantity of water than the human brain ; it would appear 
as if in this clap of animals the smaller quantity of fat is compensated 
for by the albuminous substance rather than by water. 

12. In birds, on the contrary, the amount of water in the brtiin is un- 
questionably larger than man or other mammals. 

Von Bibra believes that the analyses, from which the preceding con- 
clusions are drawn, establish beyond all question the importance of the 
fat in relation to the functions of the brain. 

II. The brain-fats seem to have been submitted by him to a very care- 
ful investigation. The following are bis chief Conclusions. The brain- 
fatsConsist of cerebric acid and cbolesterin, and of a series of fatty 
acidsi which possess very different properties and very diverse fusing 
points. These fatty acids are not the same in different brains even of 
one and the same species ; and it would seem probable that in the living 
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organism they are undergoing perpetual decomposition, passing into one 
another, and'taking a share in the cerebral functions. They contain no 
nitrogen or sulphur, and those which solidify below — 12*5® 0., contain 
no phosphopas. 

His cerebfid acid agrees very well with the acid described by Frcmy : 
von Bibra however finds as a mean of five analyses only 0‘52,'j of phos- 
phorus (the extremes being 0*49 and 0‘558), whereas Fremy fixed this 
constituent at 0*9^. He found that in adult men the brain-fat contains 
20 or 21g of ccrebric acid, and from 30 to 33 j} of cholesterin, while the 
remainder is made up of the above-noticed fatty acids and their salts. 

The cerebrio acid is rather more abundant in the brain of man than in 
that of the other large mammals. 

The gray substance of the brain contains the least cerebric acid, a 
mean quantity of cholesterin, and an excess of the other salts. 

The white substance contains more cerebric acid and cholesterin than 
the gray, and consequently less of the other fats. 

Although all these constituents of the brain-fat are found in the smaller 
mammals as well as in birds, amphibians, and fishes, and likewise in 
young infants and in the embryo, yet the quantity of cerebric acid seems 
to diminish as we descend the animal scale, and to be smaller in the 
infant and foetus than in the adult. 

III. His examination of the water-extract was not very satisfactory. 
He found 

1. That the water-extract of the brain both of man and other mammals 
was entirely devoid of all those crystallizablc bodies' which have as yet 
been found in other parts of the organism. 

2. That lactic acid was.certairriy pfesent, and probably also another 
non-volatile acid, in addition to volatile acids. 

3. That, besides albumen coagulable by heat, there were present 
various modifications of albuminou^i substances which were not precipi- 
tated from their solutions by boiling ; and that at least two nitrogenous 
sflbstances were present, one of which was soluble in water alone, the 
other in water and alcohol. , 

IV. From a large number of analjfees of the mineral constituents of 
the brain he deduces the following conclusions : 

1. The inorganic constituents of the cerebral substance are the same 
as we meet with in other organs and in the formative fluids. 

2. This qualitative condition holds good in all the classes of the verte- 

brata. , 

3. The ratio of the potash to the soda is nearly intermediate between 
the ratios occurring in the ashqs of flesh and blood respectively. 

4. Sulphates are almost entirely absent, and the quantity of the chlo- 
rine is very variable. 

5. In man and other mammals the medulla oblongata contains more 
earthy phosphates than the other parts of the brain. 

6. The amount pf inorganic constituents is greater in the brain of birds 
than in that of man or other mamipals. 

7. The brains of amphibians and fishes contain more inorganic con- 
stituents than those of the other classes of animals. 
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8. The amount of earthy phosphates is moreover greater in the brains 
of amphibians and fishes than in the other classes of animals. 

V. Wo quote the follomng determinations of the amotuo^t •of phospho- 
rus in human brain-fat. 


MAN AQSD ri7T7-NlN£ 7XARS. BKIGHT’s DISEASI^I 
100 parts oi^ fat from 

The medulla oblongata, contained, . ^ . 

The cerebellum and Pons Varolii, contained, * . 

The crura cerebri, contained, 

The hemispheres, “ 

^The corpora striata, “ 

"*The optic thalami, “ . . . . 

The corpus callosum, “ 

The mean for all the parts being, ..... 


Pliosphorus. 

1*66 
1-88 
1-76 
1*88 
1-65 
/ 1-54 
1*64 
1*68 


In a girl aged 19 years, the mean quantity was 2*63 ; in a man aged 
65 years, who died- from marasmus senilis, 1*72 ; in a man aged 80 years, 
who died from old age, 1*93 ; and in a man aged 25 years, 1'89. 

In three cases of ipsanity, the patients being men of the respective 
ages of 36, 38, and 52 years, the perfientage of phosphorus in the brain- 
fat was 1‘75, 1’93, and 1*87. 

Von Bibra draws the following conclusions from his numerous ana- 
lyses ; 

1» The amount of phosphorus in the brain-fat is very nearly the same 
in man, in other mammals, and in birds. With the exception of a single 
case, that of the chamois, in which it amounted to 3*40, it never ex- 
ceeded 3‘Og, and it never sunk below I'Og, except in Falco nisus, in 
Vhich it was as low as 0*72”. , 

2. The phosphorus in the brain-fat of insarite persons does not exceed 
the mean amount; nor does extreme old age modify the quantity. 

8. The brain in very young persons, and in the embryo, presents no 
peculiarity in this respect. 

4. The fat of the gray matter contains rather more phosphorus than 
tha$ of the white substance of the brain. 

Yon Bibra believes that the phosphorus of the brain belongs to one 
of the brain-fats, and in part, unquestionably to the cerebric acid, and 
that consequently its amount varies in different brains with the amount 
of fat : there is, however, no reason to believe that there is any special 
connection between the intelligence and the amount of phosphorus. 

VI. The gray and white matter of the human brain were separately 
analyzed by vpn Bibra. We quote his analysis in the case of a man 
aged 80 years, who died from pulmonary phthisis. 


' 

a. Oray substance 

b. White siibftuncc 

c. White substance 


of the hemi* 

of the corpus 

of the medulla 


spheres. 


obloni^ta* 

Fat, 

6-43 

20-48 

M-67 

‘ Water, 

88-67 

69*19 ^ 

71*66 

Solid constituents (ex- 
clusive of fat), . . . 

1000 

10*38 

18*78 
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This brain-fat was again analyzed, and found t(/ be composed as fol- 
lows : 



a. 

6. 

c. 

Cerebric aoid^ • . . 

2 64 

20*72 

24*70 

Cholesterin, . • . • 

84*74 

37*07 

47*06 

Other fats, .... 

62*62 

42*21 

28 '24 


Hence it follows that the gray substance contains less fat than the 
white, and that the fat is here replaced by water ; and further, that the 
cerebric acid, and to a certain extent the cholesterin, preponderate in the 
white subsj^nce. 

VII. In the analyses of various parts of the brain of three insane 
persons he was unable to detect any striking chemical peculiarity. 

VIII. We give his analyses of the brain of the human embryo at 
different stages, and of that of a child aged 6 months. 



At 10 

At 12 

At 14 

At 18 

At 20 

At 21 

At 37 

Child. 


weeks. 

weeka. 

s 

weeka. 

weeks. 

wAka. 

weeka. 

weeka. 

Fat, 

Water, 

1*26 

.0-99 

1-53 

1-06 

107 

1*23 

8 06 

6*99 

85*10 

86-71 

86*24 

86-90 

86*03 

85*93 

SJ-OO 

82*96 

Solid constituents 








(exclusive of fat), 

13*64 

12-80 

12*23 

12-04 

12*60 

12*84 

9-04 

10*04 


From these and similar observations on the lower animals (dogs, cats, 
pigs, horses, goats, and cows), it appears that the amount ®f fat in the 
brain of the foetus is far less than in that of the adult individuals, the 
dificrence being made up by an excess of water. The great and sudden 
augmentation of fat towards th<J end of foetal existence, and shortly 
after birth, is a fact of much physiological interest. 

The last section of von Bibra’s Memoir pertains rather to Anatomy 
than to Chemistry, and therefore requires no notice in the present place. 

E. D.] 


'EXUDATIONS AND PATHOLOGICAL FOEMATIONS. 

We have often had occasion to comment upon the inefficiency and 
imperfection of our chemical knowledge, when compared with the great 
expectations which have been entertained in respect to its applications 
to physiology and pathology ; yet there is scarcely an^ subject which 
more thoroughly calls for a confession of our weakness and incapacity 
than the one we are now about to consider. The exudations constitute 
the most important object of zoo-chemical investigation in reference to 
pathology, and the 'V|(hple l^pe of pathological anatomy may be said to 
consist in the study of these structures and their different metamor- 
phoses. iMt whilst pathological morphology may be said to have 
already reached a very high degree of development, the chemistry of 
morbid structures is still very obscure. The history of the development 
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of pathological forms has contributed very little to clear up these diffi- 
culties, notwithstanding the great advance which this branch of science 
has made in recent times ; and it is an undeniable fact that in the case 
of many pathological forms we are wholly ignorant whether we have 
before us the beginning or the end of the process, the first formation, or 
the last stage of disintegration. The science of pathological histology, 
which alone can guide the chemist, is so full of uncertainties, Subjective 
conceptions, and varying conjectures, notwithstanding some signal ad- 
vances, that it scarcely ever presents any starting-point for chemical 
investigation. Few attempts have been made to institute a micro- 
chemical analysis even of the simplest pathological forms, and how can 
the chemist, if he have no certain point to start from, arrive, at correct 
conclusions amidst opposing opinions, and the most variable forms and 
the apparently similar products of the most widely differing processes ? 
Let the chemist once obtain a fixed basis on which to found his inquiries, 
and he will not fail to resolve purely physical processes into tangible 
phenomena. 

It must be admitted, however, that the causes which prevent the 
chemist from respondifig to the demaqds of the theoretical physician do 
not depend solely upon deficiencies of physical proofs and pathological 
observation's, but upon an obscurity in the corresponding departments 
of chemistry. We have endeavored "(soe vol. i. p. 31) to explain the 
causes which prevent chemistry from participating in the investigation 
of pathological matters, and we would indicate some points which may 
serve to justify the mode of treatment we have adopted in this chapter, 
and to explain the inefficiency of chemistry to solve pathological 
inquiries. 

We referred, in the introduction to viisto-chemistry, to our very defi- 
cient knowledge of the protein-bodies as the principal cause of our 
inability to comprehend the elaboration of the tissues ; yet the meta- 
morphoses of the protein-bodies of the blood pW the princi|nl part in 
the pathological exudations, cells, and tissues. It therefore appertains 
to the chemist to follow the individual metamorphic stages in each df 
these bodies, as the histologist endeavors to trace the gradual formation 
of morphological elements in their metamorphosis into cells and tissues. 
But wWlst the parent substances, ahd their relations to one another, are 
so imperfectly known that we cannot, with any certainty, attempt to 
establish for them a chemically rational formula, we have but little pros- 
pect of being able to elucidate their proximate derivatives and the 
relations of affinity they bear to one. another. The prospect would be 
less discouraging if we were as well acquainted with the first stages of 
metamorphosis as with the protein-bodies themselves. It should be re- 
menibered how difficult it is to distinguish albumen and casein when 
they are associated m the yolk of egg and elsewhere ; that casein itself 
appears to be a mixture of several substancea; and lastly, that it is a 
matter of extreme difficulty, indeed almost tfh impracticable operation, 
to extract chemically demonstrable substances from patfaologmal products 
— ^irhs^er recent or older exudations. Even in those cal^ in which 
the chemist succeeds in extracting one or other of these substances, he 
seldom obtains satisfactory evidence of their chemical purity, without 
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which they are wholly inapplicable for a true chemical investigation. A 
chemist cannot be satisfied that he knows a substance until he has sub- 
mitted it to iMi elementary analysis, and can attain, at all events, an 
approximate determination of its atomic weight ; in fact, a body which 
has been submitted by the chemist to a few reactions only, however 
striking they may be, but for which he is unable to establish a formula 
based upon elementary analysis, may be allaost considered as unknown 
to him. In this sense (and in exact investigations we can only take this 
view) all substances which manifest themselves as transition-stages from 
the protein-bodies of a plastic exudation are wholly unknown to us, and 
must remain equally unexplained until we are able to elucidate the 
mystery of protein. 

Although there may be an established conviction that the chemist is 
still unable to trace the metamorphoses of plastic matter in the exuda- 
tions, and to note the processes by means of which one or other form is 
produced, we may be disposed to inquire what qualitative alterations, 
what heterogeneous constituents, and what special substances are to be 
perceived in the inflammatory, or the so-called specific exudations. 

Like others, we have undertakep numerous investigations of this sub- 
ject iQ obedience to the requirements of physicians, and we have 
succeeded in proving the presence of true biliary substanqps both in 
plastic and non-plastic exudations under many different relations, which 
scarcely admit at all times of being fully demonstrated, and have exhi- 
bited taurocholate of soda as well as beautiful crystals of glycoch^ate 
of soda. Urea,' sugar, certain extractive matters, &c., may be shown to 
exist in nearly all exudations. However interesting such observations 
may be in many respects, the presence of these substances can scarcely, 
as far as we are at present able te judge, he,ve any important influence 
on the metamorphosis of the fluid exudation, or any special signification 
in respect to the formation of tips or that form of tissue. What addi- 
tional point have we ascertained if even we succeed in showing that 
cystine forms the principal constituent in tuberculous masses, succinic 
a(9id possibly in cancerous growths, or some other unusual substance in 
other diseased matters, if no connection can be traced between the pre- 
sence of such a substance and the other circumstances of the case ? The 
qualitative examination of pathological products is, moreover, essentially 
obstructed by numerous relations. Every pathologist knows how rare 
it is to meet with very recent exudations in the dead body ; how difficult 
it generally is to determine the age of an exudation, even with any 
degree of accuracy; how insufficient, even under the most favorable 
circumstances, is tne quantity of the material in which vje have to seek 
for special constituents ; and how rapidly decomposition sets in after 
death, even while the body is yet warm. 

We would here touch, upon only one of these impediments. We have 
already often bad occasioR ta notice in this work the admirable contri- 
butions made by Iieb% -te' our knowledge of the metamorphosis of 
animal matter by his invest^tion of the muscular fluid ; these experi- 
ments were, 'however, (Mmducted under very favorable circumstances ; 
for independently of his genius and dexterity, we need only refer to the 
mass of tee material which he employed, and to the fact that perfectly 
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fresh materials and analogous objects could be easily procured for com- 
parison. It was reserved for Liebig and Schlossberger to rediscover 
creatine, to which Chevreul had long before drawn attention, whilst to 
them also belongs the merit of making us more intimately acquainted 
with its nature. Notwithstanding the favorable circumatiwces already 
indicated, Liebig himself was only able to indicate a few substances, as 
inosic acid, &c. Moreover, Scherer’s inosite can only be exhibited when 
we have largie quantities of material at command ; and it seems, as it 
were, to evade the experimenter, by becoming converted into butyric 
acid, if the fresh material and the separate extracts are not carefully 
guarded from the risk of decomposition. In a word, whilst even the 
qualitative investigation of objects derived from healthy animals has to 
contend with such difficulties that very few animal juices admit of being 
very accurately examined, the qualitative analysis of pathological pro- 
ducts is opposed by insurmountable obstacles. We must, therefore, wait 
till the physiological juices and their metamorphoses in the animal body 
have been more attentively studied, before wo venture to submit the 
solid or fluid pathological products, the more or less remote allies of the 
blood and of its protein-bodies, to a truly scientific qualitative investiga- 
tion. 

If wo have, therefore, very slight prospect of,, being able to trace 
pathological processes by a qualitative examination of exudations, or of 
attaining any scientific aim by such a mode of procedure, we are led to 
inquire, with some hesitation, whether the quantitative analysis of these 
products would be attended by any better result. On closely considering 
the question, we certainly find that the quantitative investigation of the 
exudations justifies us in entertaining far higher hopes, and that it opens 
to us a rich and varied field of inquiry , while at the same time it affords 
but little encouragement to the present tendency of physicians towards 
humoral pathology. We must here rather abide by physical laws, which 
will afford us the best and securest support in our endeavors to give a 
more general character to the results of such inquiries. But here we 
have first to determine the points of view from which such quantitative 
investigations of pathological products should be considered, as long as 
our knowledge of qualitative analysis is so deficient. 

We endeavored, under the head of Animal Juices (p. 38), to dis- 
tinguish excessive transudations from exudations, although we did not 
believe that any very strictly defined line of demarcation could be 
drawn in individual cases between these two kinds of fluids, which arc 
both exuded from the blood. If we exclude from our consideration the 
transitional forms, those differences to which we haveteferred (see above), 
and which have been more than sufficiently described by pathologists and 
histologists in the distinctions between plastic and non-plastic exuda- 
tions, are rendered sufficiently prominent. We have endeavored to show, 
from our own experiments and those of others, that the formation and 
constitution of transudations depended upon certain physical relations. 
Wef’think we shall scarcely be in error if we' assume that definite nume- 
rioaily reducible relations will be discovered for the exudations, by which 
their composition and subsequeni metamorphosis may be established. In 
short, no one who is not dazzled by the fantastic forces, which have been 
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supposed, during the last few years, to play so prominent a part in the 
anifbal body, can doubt that these exudations are subjected to definite, 
physically determinable laws. Although the nervous influence may act 
in a tolerably direct manner upon the chemical relations of the exuda- 
tion, the qutintitative relations must solely depend here, as in all similar 
processes of the animal body, upon alterations in the mechanical relations. 
When, therefore, we have investigated the quantitative relations of the 
products, we shall undoubtedly find enough certain results to give us 
some insight into the mechanical conditions. It will of course be under- 
stood that we do not, in the least, underrate the great theoretical diflScul- 
ties which present themselves in this inquiry ; the task we propose to 
ourselves is the simple one of solving the question of the connection be- 
tween the quantitative relations of the exudations awd the mechanical 
conditions necessary for their formation. 

Perfect sNs in many respects the phenomenology of the exudative pro- 
cess may be already considered, obvious as are the mechanical conditions 
which give rise to exudation as well as to transudation, and groat as have 
been the advances made in our endeavors to trace the laws by which the 
most minute fluid particles distribute themselves 'through membranes or 
through other fluids, and strive reciprocally to establish themselves in a 
certain equilibrium, twe can yet never expect to obtain an inductive proof 
for our mechanical hypotheses until we can succeed in making the quan- 
titative composition of the products of these processes harmonize, with 
the laws or provisional hypotheses which wo have elsewhere endeavored 
to establish. The labors of some of the most distinguished physiologists 
have afforded us considerable insight into the knowledge of the pheno- 
mena which exhibit themselves both around and within the capillaries 
during the existence of the infitimnfatory process which precedes the 
exudation. The disturbances of the circulation, whose hydraulic laws 
have been traced even in the smallest of these tubes, have not yet been 
followed to their individual controlling causes, and much difference of 
opinion still prevails in relation to this subject ; but there is no lack of 
dlements having a physical basis which may serve to explain these phe- 
nomena. In close connection with changes in the modulus of elasticity 
of the eapillary walls there are a number of phenomena which we may 
very frequently show, with almost mathematical exactness, to be mecha- 
nically necessary consequences of these changes. We vfould here merely 
indicate, amongst the most recent investigations relating to physiological 
mechanics, the able inquiries of Jolly* and Ludwig® on endosmosis and 
endosmotic equivalents, 0. Schmidt’s® experiments on the relation between 
the coeflicients of density and equivalents of diffusion of galine solutions, 
and Graham’s® remarkable discoveries in relation to the diffusion of dis- 
solved substances. If to these we add the recent classical investigations 
of Volkmann,* and E. H. Weber® on hsematodynamics and the well- 
known investigations of Dn Bois Reymond,’' we shall have sufficient 

» Zeitsch. f. rat. Med. Bd. 7, S. 83-148. * Ibid. Vol. 8, pp. 1-62. 

® Charaktenstik der Cholera. S'. 22-28. 

* Ann. d. Ch. u. Pharm, Bd. S 77, S. 66-89, u. 129-160 [or Phil. Trane, for 1860, p. 1]. 

® Dio Htomodynamik uaoh Vereuchen, Leipzig, 1850. 

® Ber. der k. eachs. Gee. d. Wise. 1850, S 164-204. 

Unters. iiber thierische Elektricitilt. Berl. 1848-40. 
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materials at our command for tracing the abnormal as well as the normal 
circulation of matter in the animal body to purely mechanical conditions. 
But all these new discoveries, and the observations of earlier inquirers, 
only yield us a number of hypotheses regarding the mechanical meta- 
morphosis of matter ; but the inductive proof of their accuracy can only 
he obtained by means of a series Of systematically conducted quantita- 
tive analyses of the animal fluids. 

If we would*^investigate the alterations which occur in exudations, and 
the laws by Which wese changes- are regulated and controlled, it is 
obvious that we must direct our attention not only to the exudations 
themselves, but also to the mother-fluid from which the exudations are 
derived, namtely, the blood. It is obvious that it is only by the juxtapo- 
sition of the anal|^is of the exudation and of the corresponding blood, 
that any value can be attached to the results of the former. The analyses 
of such exudations should, however, be capable of compariscti with one 
another, and not conducted at hazard merely when the physician may 
happen to meet with some interesting case. 

It may appear superfluous to those who know that the result of an 
experiment nearly always depends upon the method employed in the 
inquiry, if we venture to suggest that an accurate investigation of the 
exudations demands a strictly systematic mode of treatment, or, in other 
words, an elaboration of the subject from definite points of yiew, requir- 
ing the most careful consideration of all the conditions involved, with a 
constant regard to the length of time the exudations have existed, the 
nature of the products exuded, the morphological metamorphoses exhibited 
J)y the latter, and many other similar relations. If any apology be 
necessary for these remarks, we would only observe that, to our know- 
ledge, no one has ever attempted to c<rtiduct the examination of the exu- 
dations in the above-described rational manner. 

We may be permitted to ask, with some show oT reason, whether the 
quantitative analyses of the animal juices are at present conducted in so 
perfect a manner as to satisfy the requirements for which they are insti- 
tuted. ‘ 

We have already considered at length, in different parts of this work, 
the results which may be yielded by quantitative zoo-chemical analyses, 
while we have shown, in no very faVorable colors, the fruits which they 
have actually afforded us ; but although they fall far diort of our expecta- 
tions, they are yet fully suflScient to answer some of the most pressing 
questions ; for the most important substances are precisely those which 
are conspicuous by the quantity in which they present themselves for 
observation ; tl|us, for instance, the insoluble and coagulable protein- 
bodies, the fats, the collective mass of organic substances soluble only in 
water, or soluble both in water and alcohol, certain organic acids, and 
the mineral constituents generally, are perfectly accessible to exact 
quahtitative determinations, as has been recwtly shown by von Gorup- 
^esanez' in his admirable treatise on zoo^i^emical analysis. As the 
mineral constituents certainly seem to preseni a field of the greatest pro- 
mibe^t^hey should be first and especially investigated. We know from 

> Anleitang s«r zoochenuqofaen Aiial^se. ErlaDgen, 18W [sr Seooad Edition, enlarged, 
1854 ]. 
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the^tudj of the transudations and the animal fluids general] j, that the 
distribution of the pfitash and soda salts on the one hand, and that of 
the phosphstes and metallic chlorides on the other, is very far from 
uniform in the different animal juices, and we are almost ccmstrained to 
follow out this subject more at length, since Graham’s investigations have 
directed our attention to the great inequality in the diffusibility of these 
substances, and Schmidt’s determinations have indicatedithe difference 
of these coefficients of condensation of saline solutions when compared 
with this inequality. The determinations of the organic matters, as for 
instance, the soluble protein-bodies (accompanied by acids or alkalies) 
and the fats, will yield far more important results than one might at 
first sight'he inclined to anticipate. If, therefore, the chemist freely con- 
fesses his incapacity for the prosecution of qualitative analyses of patho- 
logical pro(|act8, and would gladly abstain from attempting them, ho has, 
on the other hand, before him a vast field of noble, although less arduous 
labors, with the certain prospect of being able to enrich physiology and 
pathology with the most brilliant results. 

If the difficulties we have indicated in the qualitative investigation of 
the exudations deter the chemist ffrom prosecuting such inquiries, he will 
not fail to perceive the great number of difficulties which obstruct his 
prog^^ess when he enters upon the determination of the quantitative rela- 
tions of the blood, and its more or less abnormal derivatives. Indepen- 
dently of those difficulties, which from the nature of the case app(?rtain 
to the scientific means employed, external relations necessarily present 
numerous obstacles in the way of such an inquiry. Although large 
hospitals and extensive pathological materials arc by no means alway^ 
requisite for the prosecution of in.vestigations which may be productive 
of great results to pathology, if an experimentalist were desirous of 
analyzing exudations in accordance with the points of view we Lave been 
considering, he would of course feel the want of the necessary material 
in the ^neighborhood of merely a small hospital ; for in every case the in- 
Hestigatioii should begin with the most recent exudations, p.nd it is precisely 
these which are the most rarely met with. In addition to the age of the 
exudation, other points have also to be observed ; for the exudative mat- 
ters yielded by similar cavities and tissues, ought to be compared together, 
which it would not be easy to do in small establishments, whilst the 
accompanying morbid processes, to which the physician attaches the 
greatest weight, ought to be noted, together with the stages of the 
exudation and the cavities or organs in which the effusion occurs ; 
but for these purposes we require a larger amount of materials than can 
often be obtained. If, moreover, the chemist should havi the misfortune 
to be associated with physicians who have a prejudice against venesec- 
tion, however much theory and practice may favor its adoption, ho will 
be compelled to relinquish the examination of the exudations, for unless 
he has obtained a previpu^ blood-analysis, such an investigation will be 
of no value. One of the ^eatest difficulties which present themselves in 
tne way of obtaining materials necessary for these ol^rvations is *he 
circumstance that either from regulations connected with medical juris- 
prudence, feelings of humanity, or other considerations, examinations are 
not undertaken until twenty-four hours, or even a longer interval after 
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death, a period within which various processes of decomposition may have 
set in, and the alterations produced by death may have attained a very 
high degree of intensity by diffusion and endosmosis. Many of these 
impediments might be obviated by conducting such experiments as we 
have described in the neighborhood of large veterinary instittitions, and 
indeed the advantages of employing diseased animals for such investiga- 
tions are so o^ous that it seems whplly superfluous to refer more fully 
to them in the present place. Unfortimately, however, very few patho- 
logico-chemical investigations have been prosecuted in institutions of 
this kind ; we must hope, however, that they may speedily be made to 
contribute towards the establishment of a rational pathological chemistry, 
since institutions of this class afford much more abundant available mate- 
rials than hospitals even, for the analyses of the blood. Some of the 
principal difliculties which wc have enumerated present themselves even 
when we have an abundance of diseased animals at our disposal, for all 
exudations taken indiscriminately are not equally suitable for a rational 
investigation, since an atomi co-physical relations often render it perfectly 
impossible to exhibit tl\e object in a pure state. 

When we consider the difficulties which present themselves at the very 
outset of all attempts at quantitative examinations of the exudations, wo 
can hardly 'Wonder that many chemists should shrink from the prosecu- 
tion of such unsatisfactory labors, more especially when we bear in mind 
that pathology offers for our consideration numerous questions, the solu- 
tion of which promises more abundant results, and should, as is obvious 
to reason, precede the analysis of the exudations. It is to be hoped, 
Ihat physicians will acquire sufficient insight into chemical and physio- 
logical science to avoid propounding questions which without admitting 
of any exact solution, only bring to light the ignorance of those with 
whom they have originated, whilst it is equally to be desired that che- 
mists, whether they be expert or not, will avoid placing themselves as 
more tools in the hands of their pathological brethren, and increasing 
the mass of crippled facts and perverted deductions with which patholq- 
gical chemistry is already overburdened. 

From this somewhat prolix introduction to the mode of investigating 
exudations from a physiologico-chepiical point of view, it will be clearly 
seen, that our positive knowledge in this department of science is ex- 
tremely small, whilst the majority of the few materials collected in refer- 
ence to these subjects of inquiry (as, for instance, some wholly irrelevant 
analyses of cancerous tumors, pleuritic exudations, tuberculous masses, 
peritoneal exudations of doubtful character, &c., &c.) must be rejected 
as entirely worthless. We can, therefore, only give a very fragmentary 
sketch of the subject, and we think we shall scarcely be in error if we 
wholly omit, or at most only glance at, the ordinary descriptions of the 
histological conformation, or ^e microscopical characters of the patho- 
logical objects referred to, under the heads of the respective physiolo- 
gic^ tissues ; without such a precaution we fear we might incur tl^ risk 
of j«iying a mere outline of pathological histology which would wholfy 
ma^ the pathologico-chemical nature of the objects under examination. 
As there is often but little to be said in reference to the chemistry, we 
shall frequently be compelled to give a histological introduction without 
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being able to describe the chemical composition. If any chemist should 
be disposed to direct his attention and energies to this intricate depart- 
ment of science, he will nbwhere find a better guide than in Henle’s re- 
cent and masterly exposition of this subject,* where the accumulated 
stores of histological materials have been carefully sifted, the objects 
clearly delineated, and the various points of the inquiry ably treated. 

Since the exudations manifest ejery variety of difierej^ce, partly in 
reference to their morphological chforacters, partly in the metamorphoses 
which they undergo, and partly from their different modes of origin, and 
since we arc still far from comprehending their differences from a chemi- 
cal point of view, the only principle to be adopted in making a division 
of the whole subject is to choose a plan of arrangement based upon direct 
observation of the characteristic differences which exist in the physical 
properties of the objects. Great as has been the labor expended in the 
attempts to describe and classify the exudations in accordance with their 
external characteristics, we think the chemist can find no safer guide 
than that most accurate pathologist Rokitansky.® For although the 
description which Rokitansky gives of the differences of the exudations 
may be interwoven with designations and the indications of a theory of 
erases which the chemist does not recognize, we nevertheless meet with 
the most minute observations which are perfectly true to nature, and 
whicii alone ought to form the basis of a more extended physico-chemi- 
cal investigation.. We therefore purpose following Rokitansky’s mode 
of arrangement in giving the few known chemical relations ; and shall 
consider the exudations 1, as fibrinous, which are again subdivided into 
simple plastic and croupous ; 2, as albuminous ; and 3, as purulent, • 
under which head are included ichorous and haemorrhagic exudations. 

The attacks which have been naade by many of our chemical physi- 
cians against Rokitansky’s mode of considering and classifying the exu- 
dations, apply less to his own views than to those of some of his pupils and 
followers who have distorted his facts by the most wild and paradoxical 
l^pothesefe. In reference, however, to any objections which may be ad- 
vanced against the mode of expression adopted by the founder of patho- 
logical anatomy, it should bo observed that the expressions albuminous 
or serous exudations are intended sifiply to designate a physically and 
definitely characterized form of exudation ; but that Rokitansky had 
no idea of employing them to designate the internal composition of these 
objects. A mineralogist might in a similar manner accuse Rokitansky 
of want of scientific accuracy in applying the term hard to certain new 
formations, although they are actually softer than the least hard sub- 
stance in the mineralogical scale of hardness. We do not, however, 
wish to enter the field against those who are entitled from personal ac- 
quaintance with pathology and pathological anatomy, and from indepen- 
dent research, to pass judgment on Rokitansky’s systematic arrangement 
and the craseology on which it is based ; but we certainly are of opinion 
that a system cannot be established without the aid of hypothetical 
modes of conception, and on this account we have adhered to the mojde 
of representation adopted by this experienced and careful observer. 

' Handb. d. rationellen Pathologie. Braunsehw. Bd. 2, 8. 667-832. 

‘ Handb. d. allgem. pathol. Anatumie. Bd. 1, S. 194-224, aud in other places. 
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^h.Q fhrinous plastic exudation is the only one which can be easily ob- 
tained in a perfectly fresh and tolerably pure state. Fresh wounds afford 
the best means of obtaining it after the hemorrhage has been arrested, that 
is to say, when thrombi hare formed in the .smaller resseJs. It can be ob- 
tained, however, in larger i^ttantities from animals after portions of muscle 
hare been cut away under the skin, and, consequently, from wounds with a 
loss of Bubstqime. A perfectly exudation of this kind exhibits all 
the physical and chemical charat^rs of the intercellular substance of 
the blood. The fluid is faintly opalescent, of a sickly taste, alkaline, 
and in a short time there is a separation of a colorless, trembling, gela- 
tinous mass. Prorided the exudation has been obtained perfectly free 
from blood, which is not always easily accomplished, no morphological 
elements can be discovered in it besides the fibrin, which coagulates as 
in fresh blood. If the fluid obtained from the subcutaneous wounds 
(with loss of substance) is not perfectly fresh, we perceive in about half 
an hour or an hour granules and nuclei, which constitute the beginning 
of the suppurative process. These secretions from wounds are therefore 
obtained in the greate|t purity from animals which are little or not at all 
prone, to suppuration, as, for instance, ‘■from birds. Frogs cannot be used 
for such experiments in consequence of the large quantity of lymph 
which is poured into the secretion in these animals ffom the subcutaneous 
lymphatics. 

The constituents of these perfectly fresh exudations do not differ in 
quality from those of the liquor sanguinis. The same substances which 
impede the rapid coagulation of the fibrin of the blood either retard or pre- 
vent the coagulation of the fibrin of the exudations (see vol. i. p; 81 1). The 
spontaneously coagulated fibrin becomes perfectly dissolved after diges- 
tion for some time at a temperature of 30® in a solution of nitre, being 
converted into a coagulable fluid. In water containing hydrochloric acid 
the exudation swells up in a gelatinous form, but does not dissolve, in 
which respect, as in all other reactions, it perfectly coincides with the 
blood-fibrin. Precisely the*similar remark applies to the albumen ; aqd 
the mineral constituents, in as far as we can determine them from the 
small quantities of these exudations generally at our command, differ in 
no essential respect from those occurring in the liquor sanguinis. 

No detailed ^antitative analysis can be made with very recent exu- 
dations owing to the small quantities in which they are obtained. I 
have, however, constantly found more water in them than in the liquor 
sanguinis, which is the more striking, seeing that in collecting these 
fluids the evaporation of the water cannot be so readily prevented .as 
when the blood is drawn from the opened vein. In five experimmits on 
rabbits and in three on geese, I found from 1*94 to 4*288 more water in 
the secretion from d;he wound than in the plasma of the mixed blood, 
that is to say, of the mixture of arterial and venous blood, which was 
obtained from the carotid and jugular vein. I could not determine with 
anywdegree of certainty whether the amount. of Jiborinm the exudation 
was greater or less than that in the liquor sanguinis ; but the quantity of 
albuVMn was decidedly somewhat smaller than in the blood<tseram, the 
difference being greater than could be accounted for by the relative in- 
crease of water in the exudation. In geese there was always rather merest 
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in the exudation than in the corresponding Uquor sanguinis ; but here it 
vr&a difficult to determine whether the |at from the subcutaneous cellular 
tissue was not in port mixed with the secretion from the wound. No 
difference could be detected in the quantity of talfg contained in both 
fluids. Strict determinations m the case oi the jfhatpAates and metullie 
chlorides on the one hand, or ci the soda and poiaek »aU$ en the other, 
were impracticable; but. I endeaypred in si# oases .to^^toruiine the 
ayerage proportions of these substances in the secretion from the wound 
and in the corresponding blood-serum, and I think that I am scarcely in 
error in stating that the secretion from the wound contains relatively 
more of the phosphates tind potash salts, and that the serum contains an 
excess of soda salts and chlorides. 

The very recent exudatidns obtained in rare cases from the serous sacs 
of human subjects present very different relations, not being homogene- 
ous, but already separated into a coagulum and a fluid. 

The coagulum varies very much in form and color according to the 
relations under which it separated, and the quantity of blood which it 
contains. The microscopical characters are generally, or indeed princi- 
pally, the same as those of spontaneously coagulated fibrin, but im addi- 
tion to the somewhat swollen, almost spherical blood-corpuscles, there 
occur certain other Aorphological structures, as, for instance, granules, 
clots, nuclear structures, and occasionally also cyto'id corpuscles. The 
coagulum syrells in water containing hydrochloric acid as well as in dilute 
acetic acid, but it does not form a gelatinous mass of such perfect 
translucence as the fibrin of the blood, or as that of the secretion from a 
wound. If the coagulum, after having been comminuted and carefully 
washed, be digested with a dilute solution of nitre, we certainly obtain a 
fluid coagulable by heat, althou^ some portion o£ it always remains 
undissolved in the menstruum in the form of dirty grayish flakes. 

The fluid portion of the more recent plastic exudations is generally 
clear and transparent;* it only becomes opalescent and turbid after the 
ejcudation'has remained for some time in the cavity. The reaction is 
commonly less^strongly alkaline than that of the blood-serum ; it, how- 
ever, coagulates on boiling, not into minute flakes, but generally into 
curd-like clots^ or into a milky or whitish gelatinous mass. The fluid 
occurring above the curd-like flakes is strongly opalqpcent, and even 
whitish ; it passes with difficulty through the filter, which it very quidcly 
obstructs ; it forms, on evaporation, the so-called casein-membranes. 
Acetic acid does not enable us to detect any casein, and the originally 
limpid fluid is rendered only slightly turbid on careful neutralization 
with acetic acid ; but this turbidity msappears instantly ^on the addition 
of a little more dilute acetic acid. The application of rennet only 
affords negative evidence regarding the presence of casein. The salts 
and extractive matters diffw in no respect from those occurring in the 
blood-serum. 

The quaidUxdive eompotitmi t>f these exudations, when oompaied 
with that of the coriwsponding blood, is far more unstable than that of 
fresh wound-secretions obtained from animals. The quantity of the 
fihrin does not even admit of being determined approximately, for inde- 
pendently of the fact that such fibrin (that is to say, the coagulated 
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portion of the exudation) contains insoluble morphological constituents, 
which cannot be washed out bj Ti^ater, and which cannot possiblj bo re- 
garded as fibrin, the exudation cannot generallj be obtained as an entire 
mass, that ia to Bay, all the solidified as well as the still fluid parts can- 
not be removed from the cavity into which they have been efiiised. In 
the meanwhile it would appear, from aj^oximate determinations, that 
the relation l^tween the tolidified and fluid matters varies very conside- 
rably, a circumstance which confirms the well-known experience derived 
from personal observation that a large proportion of the exudative fluid is 
soon rcsorbed. According to our experience, there is no definite rela- 
tion between the part of the exudation which remains fluid and the serum 
of the corresponding blood ; but in most cases, here as well as in the 
secretions from wounds, the solid residue of the exudation-fluid is incon- 
siderable, and consequently the amount of water is greater. I found 
this difference between the fluids the greatest, namely, about 3'478 in a 
very fresh peritoneal exudation. In some cases, however, the quantity 
of the solid constituents in the exudations exceeded that in the corre- 
sponding blood-serum. ^ There was usually less of the coagulahle protein- 
substances in the exudative fluid than m the corresponding blood-serum ; 
an apparent excess of these substances occurred only in one-seventh of 
the cases observed, but then the fluid had become ‘turbid, and had not 
been thoroughly cleared by previous filtration. These fluids differed less 
in respect to the extractive matters which they contained ; indeed, if the 
latter were considered in reference to the quantity of water in both 
fluids, the difference was in most cases so inconsiderable that it could 
scarcely be said to exceed the amount of such errors as are unavoidable 
in observations of this nature. B,ut on comparing them in their relation 
to the solid residue^ we commonly find that there is a small excess for 
the extractive matters of the exudations. The sum of the salts is gene- 
rally somewhat higher in the exudations than in the blood-serum of the 
same individuals. On comparing together the » different salts we find, 
without exception, relatively and absolutely more of the phosphates aqd 
potash-salts in all these exudations than in the blood-serum. 

However much one might be disposed, from these results of my ana- 
lyses, to find a confirmation of the,view that has already been advanced 
elsewhere, that ^he phosphates, and with them probably also the potash- 
salts, contribute very essentially towards the plasticity of the exudations^ 
we cannot regard the point as definitively settled, for it is not easy to de- 
termine to what extent the quantity of blood-cells in the exudations 
contributes to this result. I have met with no single plastic exudation 
(I refer to those only which I examined under the microscope) which did 
not exhibit a larger or smaller amount of strongly tinged, unsltered, or 
pale, rounded blood-^sorpuscles. As, moreover, the blood-corpuscles never 
continue to be developed in a plastic exudation, but, on the contrary, 
seem rather to disappear, the proximate cause of this excess of phos- 
pha^s and potash-salts might therefore be sought in (he disintegration of 
the blood-cells contained in the exudation ; for we know that it is the 
bloo^-eells principally which contain the phosphates and potash-salts 
(see voL i. p. 669). In point of fact, a comparison between my different 
analyses will show that the exudations which contained a large amount of 
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blood-cells exhibited a greater proportion of these salts than those which 
were poorer in blood-cells. The observation made bj different phjsiologists 
on the relations between the capillaries and the blood contained in them 
daring the inflammatoiy process lead us to expect that blood-corpuscles 
will always be present in exudations. Although the constant occurrence 
of blood-corpuscles In the true plastic exudatioDS, as noticed in the bodies 
of men or animals after death, would seem to Mvor the coaclusion that 
the plasticity of the exudations depends principally on the quantity of 
blood-corpuscles which they contain, such a view is controverted by tbo 
fact that exudations which are very rich in blood are not in general the 
most plastic ; and that, as we have already seen, when considering the 
secretions from wounds, an exudation may be plastic without containing 
blood-cells. If, therefore, we cannot assert that the blood-cells, as such, 
together with the fibrin, are the direct cause of the plasticity of the 
exudations, they at all events appear, from the above-mentioned positive 
observations, to stand in some indirect relation to the plasticity. For 
where are we to seek for the source of the excess of potash-salts and 
phosphates which is constantly present in the plqptic exudations, if not 
in the blood-corpuscles ? Even ii/ those wound-secretions, in whioli we 
can find no blood-cells, wo must refer these salts to blood-corpuscles 
which have passed into a condition of stasis and solution in fhc capilla- 
ries surrounding the focus of exudation. The phosphates and potash- 
salts originating from the remains of the blood-cells must therefore pene- 
trate through the walls of the inflamed capillaries, and thus contribute 
towards the plasticity of an exudation containing no blood-corpuscles. 
This at the same time explains the cause why the transudations, oven 
when they contain fibrin and sqmc^bloyd-corpusclcs, are not plastic, for 
the separation of the transudations is not preceded or accompanied by a 
true inflammatory process with complete stasis and with the entire de- 
struction of the blood-cells in the capillaries, as is always the case in the 
exudations. 

,,We do not, however, think that it has been satisfactorily proved that 
the plasticity of the exudation is necessarily dependent' upon the pre- 
sence of these salts, but it is a characteristic of the human mind to catch 
at the slightest facts for support in tl;e arduous paths of inquiry. Some 
aid might perhaps be afforded towards the establishmqpt of inductive 
proof the results of a series of experiments which I instituted on tho^ 
blood of horses, comparing the blood of different vessels with the arterial* 
blood. The results of the comparative analyses of eighteen samples of 
blood from different veins showed that in those capillaries which supply 
the masoles (organs peculiarly rich in potash-salts and phosphates) the 
largest number of blood-cells were destroyed ; and that in the venous 
blood, which flowed from the corresponding parts (from the cephalic, 
external abdominal, digital, and median veins) there were far fewer 
blood-cells and a much smaller quantity of the phosphates and potash- 
salts than in the corresponding arterial blood or in the blood of other 
veins, which return the blood from other organs. These differences are 
so considerable, that in the venous blood of the muscles there are on an 
average from one-fourth to one-third fewer blood-cells than in the arte- 
rial blood, whilst in the blood of other veins the difference is either far 
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smaller or there are relatively more cells (that is to say, absolutely less 
intercellular fluid). 

We have alreaay spoken (in vol. i. p. 323, and in this volume, p. 40) 
of the doubt which still (exists regarding the influence exerted by the 
presence of the fibrin on the plasticity of the exudations. 

The present would be a fitting place to consider more attentively the 
more persistent exudatilhs, and to investigate somewhat more circum- 
stantially the chemical metamorphoses which run parallel with the mor- 
phological formations, but unfortunately this is a point on which we 
know littl^ or nothing. As the solidifying parts of the exudation are 
far less accessible to chemical investigation than the fluid, our attention 
must of necessity bo limited almost exclusively to the latter. I have 
made some attempts to ascertain the differences in the composition of 
the fluid which occurs in association with the solidified exudation, in so 
far as they are dependent on the metamorphoses which the original exu- 
dation has undergone. We know that these metamorphoses may be of 
three 'different kinds ; in the first case, the exudation is gradually re- 
solved, and the coagulated fibrin slowly dissolved in the originally only 
slightly-modified exudative fluid, or itf a serous fluid which is afterwards 
separated ; in the second case, the solid part of the exudation hardens, 
ceases to tswell in acetic acid, and becomes converted into a horn-like 
mass ; and thirdly, the exudation is converted into true tissue, namely, 
connective tissue. One might suppose that tne fluids remaining in these 
older exudations, or permeating the newly-formed tissues, would exhibit 
differences which would readily admit of being chemically distinguished ; 
but although these fluids certainly exhibit differences of composition on 
analysis, my observations at all events have failed to detect any definite 
constitution for any one special alteration of the exudation. We are 
still deficient in any more careful investigations for showing the charac- 
ter and composition of those forms of exudation, which tend towards 
the formation or regeneration of specific tissues (such as cartilaginons 
substance, osseous substance, &c.) r- 

Croupous exudations . — It is only in rare cases that we can succeed 
in subjecting to a chemical examination exudations of this kind whilst 
still in a perfectly fresh state, that is to say before -^ey have been 
changed cither j)y different metamorphoses which they have experienced 
^during life, or by decomposition in the dead body. It may be shown 
with tolerable certainty that these exudations on their first separation 
are as fluid, and as similar to the blood-plasma as all other exudations ; 
but they present this peculiarity, that when the fibrin has been coagu- 
lated, the fluid' portion of the exudation is resorbed with such- extreme 
rapidity that almost every effort to obtain it fails. It almoiii appears in 
the case of many of these exudations, as if only a kind of fibrinous juice 
had permeated the walls of the vessels, and had been deposited in a 
gelatinous form upon mucous or serous membranes. There is often 
scstfcely a trace of blood-corpuscles to bo detected in fibrin of this kind, 
and^on rinsing the exudation with water, we obtain only a very small 
quantity of coagulable matter, and thus lose all hope of being able to 
ascertain the original composition of the exudation &om the fluid en- 
closed in the coagulum. Then, moreover, it must be observed, that 
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these coagula, or solid exudations, are in general formed gradually, and 
thus deposited in distinct strata, some of which experience greater 
alterations than others. However important it would be to ascertain 
the composition of these exudations immediately after their separation, 
the chemist is compelled to admit his entire inability to solve any of the 
questions which suggest themselves in connection with this point, and 
must direct his attention almost exclusively to the solid parts of the 
exudations, which are always more or less altered. 

Rokitansky, who would naturally judge of the nature of the deposi- 
tions solely from their physical character, has arranged croppous exu- 
dations in three subdivisions, a mode of division which has been much 
objected to, but which is undoubtedly recommended by experience, 
if we simply compare together facts under the most widely differing forms 
which they can assume, and exclude all those which merge into one 
another, as must be done in every artificial mode of division. A simple 
microscopical examination of these croupous exudations shows that the 
object which we are here considering is not pure fibrin, for even in the 
most recent formations the microscope reveals in addition ^to a fibrous 
substance not very unlike freshly coagulated fibrin, a great number of 
molecular granules and flake-like laminae, which at certain spots appear 
to be jagged. After.thcy have existed for a longer time, we observe in 
them nuclei and cyto'id corpuscles ; indeed the occurrence o^ the latter 
is often so sudden (or in other words the metamorphosis of the solid exu- 
dation into pus-corpuscles is so rapid) that many observers have altoge- 
ther doubted the previous separation of fibrin. The questions which 
have been propounded to chemists since Rokitansky's original subdivision 
of the various kinds of fibrin, are in part solved by microscopical investi- 
gation. The substances to which Rokkansky applied the term croupous 
or aphthous fibrin, or which he regarded as the primary matrix differing 
from ordinary fibrin, is now in a great measure found not to bo fibrin at 
all ; and he himself has noticed the absence of that network of fibres 
which is peculiar to coagulated fibrin both in the aphthous coagiilum and 
in*the croupous exudation 13. These granular solid exudationsare no longer 
fibrin, having undergone various chemical as well as morphological me- 
tamorphoses before they come under our notice. One might, indeed, 
here assume, as has been done, the existeuce of a dimorphism, such as 
has been shown in recent times to exist in the case of many mineral 
substances ; but independently of the fact, that true heteromorphism 
is far less frequent in organic chemistry, and that its existence in respect 
to fibrin still remains undetermined, the qualitative chemical investiga- 
tion of these exudations shows us that the granular matter which they 
contain is by no means chemically identical with the unaltered fibrin 
which is oftbn still contained in these deposits. 

In those 'exudations, which Rokitansky names aphthous, we find after 
careful washing, no material which, after the exudation has been digested 
for a short time in a dilute solution of nitre, becomes dissolved and is 
coagulable or precipitable by acetic acid. (The washing is, however, by 
no means easy, and frequently entirely fails, since the turbid fluid pass- 
ing thfott^h the filter very soon closes its pores.) This insoluble residue 
swells up in a gelatinous form in very iRlute hydrochloric acid ; but some 
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portion is actually dissolved, without, however, yielding the reactions of 
ordinary muscle-fibrin. A microscopical examination shows that the 
constituents of the very numerous cells contained in aphthous exudations 
are dissolved by water containing hydrochloric acid. Rokitansky's croup- 
ous exudation o, or fibrin /?, contains true fibrin, in addition to the 
granular matter and the fitst stages of cell-formations ; but although it 
is not very rich in blood-corpuscles, it is never entirely free from them. 
After an exudation of this kind has been comminuted and carefully 
washed with distilled water, and then immersed in a solution of nitre of 
the previoisly named concentration, at a temperature of 80° or 40°, a 
great portion of it is always dissolved, whilst the fluid 's also found to 
contain a protein-substance, which is precipitable by heat at the boiling- 
point, as well as by acetic acid ; and here I must not omit to mention, 
that with the exception of two cases, I never found the so-called arterial 
fibrin (which is perfectly insoluble after digestion in a dilute solution of 
nitre), even in those exudations which according to microscopical ex- 
amination appeared to contain true fibrin. The croupous exudation a, 
after being previously well washed in water, swells in dilute acetic acid ; 
but a very small amount of the protein-substances, especially such as are 
recognizable by chromate of potash, are dissolved. Rokitansky drew 
attention ^o the large amount of fat contained in these exudations, and 
the fact may be readily confirmed by careful chemical analysis. The 
fat does not differ essentially from that of fibrin ; but the fat containing 
phosphorus or rather the phosphate of glycerine appears to be present 
in rather, larger quantities in the croupous exudation « than in exudation 
/9, or in the aphthous kind ; but it must be admitted that there exists 
considerable uncertainty as to the quantitative determination of these 
substances. This observation seems* to be confirmed by the fact, that 
these exudations on an average leave more earthy phosphates, and in 
general more acid phosphates, on the incineration of the constituents 
insoluble in water, than the ordinary blood-fibrin. I never found loss 
than 2g, and often more than 4g of phosphates in the insoluble residue 
of the exudation. " * 

Notwithstanding my conviction of the insufficiency of elementary ana- 
lyses for the examination of such substances, I have very frequently insti- 
tuted analyses of this kind with the residue (insoluble in water, alcohol, 
and ether) of the croupous exudation of the first order (a) ; but the results 
were so variable, that it was impossible to compare them with the compo- 
sition of the blood-fibrin. According to most of the analyses, the fibrin 
of the exudation contained somewhat less nitrogen than the fibrin of the 
blood of the same individual ; and it was only once in seven cases that 
the nitrogen equalled the quantity found in the blood-fibrin. The 
quantity of carbon was equally variable, for in some cases I found rather 
more, sometimes fr^m 1 to 2^ less, than in the blood-fibrin. 

The croupous exudation of the second order (yS Rokitansky) may be 
re^rded as holding an intermediate place between that of the first and 
third order when considered in a chemical point of view. I have 
nev€r found it to be perfectly free from pus-corpuscles. 

Rokitansky distinguishes yet a third form of fibrinous exudation, 
namely, the tuberculous. Although in a purely physiological or even logi- 
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cal point of view, we can scarcely admit the assumption of such on exuda- 
tion as a special form, its recognition is advantageous in a practical point 
of view. We entirely set aside the idea of an entirely specific process, 
and simply adhere to that which for ages has been attached to the 
term tubercles. In characterizing this exudation, Rokitansky has here, 
as in other cases, not studied the ori^nal'fresh product of the exudation, 
but only the peculiar form in which it most commonly comes under our 
notice. Persistence in a very low stage of development has in general 
been adduced as the most characteristic property of tuberculous exuda- 
tions, and indeed we seldom meet with more than molecular granules, 
minute aggre^tions which have been regarded as of a special nature 
(tubercle-corpuscles), and, at most, faint indications of cellular structures. 
The absence of plasticity in these exudations has commonly been referred to 
the too rapid resorption of the fluid parts, and either to the actual absence 
of blood in the smaller vessels, or to other causes preventing these parts 
from being readily permeated with moisture. Where such a permeation 
as this takes place, we less commonly observe a formation of cells than of 
cytoid corpuscles, which then give rise to what is termed softening of 
the tubercles. Tubercles have been divided, as is well known, in accor- 
dance with their form and mode o^ deposition, into miliary and infiltrated, 
and further subdivisions have been suggested, based upon tbeir consis- 
tence and age (as for instance, gelatinously infiltrated, cretified, &c.) 
On microscopic investigation, most of them are found to consist of fat- 
globules and molecular granules. 

Notwithstanding the rapidity with which the tuberculous exudations 
are separated, and the circumstance that they are frequently secreted to 
the last moment of life in tuberculous patients, no attempts have as yet 
succeeded in obtaining for examination a perfectly fresh, still fluid exu- 
dation, of which one might presume with tolerable certainty that it would 
have been “ tuberculized” had the life of the sufferer been prolonged. 
Even should these attempts succeed, it would still remain questionable 
whether the chemical investigation of these exudations would afford any 
farther information regarding the so-callcd tuberculous process than has 
already been obtained from the analyses of the blood of tuberculous 
patients. 

There is no exudation whigh, whei? once formed, admits more readily 
than the tuberculous of being studied with reference the length of 
time which it has existed, and the various metamorphoses which it has 
undergone ; thus we find on examining the lungs of persons who have 
died from chronic tuberculosis, that the most recent deposits are in the 
lower lobe, and the older formations in the upper one ; but still the most 
careful and numerous micro-chemical and even- microscd^ical investiga- 
tions scarcely yield any reliable results, and the various micro-chemical 
analyses which I have made, in part conjointly with*my friend Hasse, of 
the most varied pulmonary tubercles, have not yielded the slightest 
amount of scientific information. It would, therefore, be absurd to enter 
circumstantially into the details of these series of experiments, jwhich are 
so frequently at variance with ones another, although at the period when 
these analyses were made, many slight differences may have been passed 
over, which, in the present advanced state of animal chemistry, might 
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perhaps have thrown some light on the subject j but still the results 
are so different, and even frequently so contrat^ctory for entirely ana- 
logous objects, that no support can be obtained for even the most gene- 
ral mode of classification. We therefore withhold these details, trusting 
to future investigations for more satisfactory results. 

The scattered facts yielded Iby works devoted to the subject may be 
limited to the following points. The tuberculous mass, when of recent 
date, contains, in addition to one of the protein-bodies, which is soluble 
with more or leas fadlity in acetic acid and alkalies, a large quantity of 
fat, partly in very fine granules and partly in vesicles. In tubercles of 
longer existence the fat appears in much diminished c/hantities. The 
obsolete or mretified tubercles consist chiefiy of cholesterin, which may be 
recognized by the microscope, together with carbonate of lime, and a 
little phosphate of lime. The tubercles are generally deficient in salts, 
although the statements of authors on this point are as variable as the 
results which I obtained from my analyses, of the different forms of these 
exudations. There is on an average more carbonate of lime in the ash 
of tubercles than in that of any other substance of the animal body 
which is rich in protein. The recent observation, that xantho-cystine 
occurs in old tubercles, is very remarkable, but I have not hitherto had. 
any opportunity of verifying the correctness of this, assertion. (See vol. 
i. p. 158.) 

We must confess our inability to form a perfectly clear idea of Boki- 
tans'ky’s albuminous exudations, although we do not by any means be- 
lieve that they can be classed under the same head as the purulent, or 
any other form of exudation. We have found that they presented very 
considerable chemical differences ; and the turbidity which occasionally 
gives them a milk-white appearance is probably the simultaneous result 
of many different relations. The microscope shows that, in addition to 
the cellular elements, which occasionally become developed into spindle- 
shaped or caudate cells, there occur also a number of molecular granules, 
fat-globules, and a viscid filamentous substance, forming under the micro- 
scope hyaline stripes, and here and there probably also flakes of true 
fibrin. The turbidity arises in different cases from different microscopi- 
cal elements. 

fhxa filamentous matter cannot, *'however, be regarded as true coagu- 
lated fibrin for; independently of the circumstance that it cannot mi- 
croscopically be confounded with ordinary fibrin (since, like bronchial 
mucus, it acquires its filamentous appearance solely from the pushing or 
turning of the thin glass plate covering it, or from other mechanical con- 
ditions), it differs completely from fibrin in the following chemical re- 
actions. It coinmonly dissolves with considerable facility in solutions of 
neutral alkaline salts, when not too highly concentrated, without requiring 
any prolonged dige&tion or exposure to heat. Besides this, it frequently 
acquires a certain degree of opacity or milky turbidity, and is rendered 
less tough when exposed to the action of dilate acetic acid, dissolving 
oul^ in ap excess of thb acid, or when it ,is concentrated ; and (except- 
ing in two cases), it has been found to dissolve easily in very dilute 
h;^f^hlorio acid. The molecular g/anules occasionally consist of fat 
only, but they may frequmitly be made to disappear by means of alkalies 
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■ and alkaline salts, on which account we may probably include them 
amongst the protein-bodies. We shall speak more fully at a future page 
of the micro-chemical relations of the other cellular structures which may 
occur in exudations of this kind. These fluids exhibit very different reac- 
tions ; they are frequently so strongly alkaline and ammoniacal that one 
is disposed to refer their filamentous character to the strongly basic albu- 
minate. The presence of the latter seems to bo confirmed by the small 
quantity of coagnlum which the fluid yields on the application of heat, 
while on evaporation a membrane is formed on the surface (see vol. i. p. 
298). Dilute ^etic acid frequently gives rise to a strong turbidity in 
such fluids, and occasionally to the separation of white flakes. 

I have been unable to convince myself of the presence of true casein 
in such fluids either by the application of rennet pr by other means ; 
the viscid character, and the reactions which these exudations exhibit 
are, therefore, probably owing to the presence of strongly basic albu- 
minates. I have only on two occasions observed an acid reaction in 
these kinds of exudation (and this was after puerperal pytemia), and here, 
also, acetic acid occasioned great turbidity in the filtered, opalescent fluid ; 
the albumen coagulated into flakea when this exudation was boiled. The 
latter substance obcurs, however, also in some cases when the fluid ex- 
hibits a faintly alkaline, or an almost neutral reaction (see above). In 
those cases in which the exudation has an acid or neutral reaction, the 
surface of the fluid, after the removal of the coagulated albumen,, be- 
comes covered on evaporation with a membrane, without, however, 
exhibiting the presence of true cases. 

Notwithstanding the thick fluid character of these exudations, they 
seldom contain any large quantities of non-volatile matters, from 4 to 6g 
being the highest amount that I* haVe found in these fluids. The 
amount of /at is not inconsiderable, although it frequently docs not ex- 
ceed the amount present in the normal, fibrinous, plastic exudations. 
The non-wolatile salts are generally present in larger quantities than in 
the blood, but on comparing them wdth the salts of the plastic exudations, 
taking the solid residue as the unit, the number representing the salts is 
often higher in the fibrinous than in the albuminous exudations. Although 
it was found from a comparison of the salts as given by several analyses, 
that there was h relatively smaller 'amount of the phosphates in the 
albuminous than in the fibrinous exudations, this observation requires to 
be further corroborated ; the more so, because I found in two cases (in 
puerperal fever with pyaemia) considerably more phos^ates than one 
usually meets with in the salts of the exudations. The occurrence of 
large quantities of bile pigment and biliary acids, urea, sugar, &c., in 
certain albuminous exudations must bo regarded as purely accidental, and 
as admitting of an easy cxplanatiop in individual casps. . 

Rokitansky’s serous dropsical exudations coincide perfectly with the 
transudations which we treated of in pp. 38-56 but we think we 
have sufficiently explained, both there and in the introduction to the 
present section, the reasons which compel us to separate the transuda- 
tions from the exudations. No one can deny that in some cases an exu- 
dation may become associated with a transudation, or, conversely, a 
transudation may associate itself with an exudation, but the two pro- 
voL. n. 19 
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cesses must in principle be -widely distinguished, as, in fact, they do occur 
distinct from each other in most cases, leaving no grounds for con- 
founding one -with the other. The erroneous idea that the plasticity of 
an exudation depends only upon the quantity of fibrin which it contains, 
has led many j^ersons to doubt the propriety of separating exudations 
from transudations, as we meet with plastic exudations without fibrin, 
and non-plastic ones which contain fibrin ; but we think we have satis- 
factorily shown fi^pm our own direct investigations, that the plasticity of 
the exudation is constantly associated with the presence of a certain 
amount of soluble phosphates, which occur either in very small quanti- 
ties or are even wholly wanting in the transudations. As the phos- 
phates and potash-salts can originate only in the blood-cells, they cannot 
occur in large quantities in the exudations, or render the transuded liquor 
sanguinis plastic, unless there is true stasis and destruction of the blood- 
corpuscles, when the contents of the latter transude through the lace- 
rated or uninjured walls of the capillaries. The formation of transuda- 
tions poor in phosphates and potash-salts, is solely dependent on a retard- 
ing of the blood-current in the capillaries and on other mechanical rela- 
tions, and in no case depends upon a complete stasis or destruction of the 
blood-corpuscles, — in other words, it never depends upon true inflamma- 
tion. *• 

We do not, however, by any means, incline to the view, that the plas- 
ticity of an exudation is solely owing to the presence of phosphates 
(although their influence on the formation of tho tissues in the case of 
animals, has been almost demonstrated by direct observation) ; it is, on 
the other hand, very probable that other substances may constitute 
essential requirements for prodqcing plasticity, although these, like the 
former, would appear from the results of our investigations to derive their 
original source from the blood-corpuscles. To assert that the plasticity 
of an exudation depends solely upon the presence of the phosphates, 
would be no less unsuitable or uncalled for, than to assume that transu- 
dations owe their origin- exclusively to a larger amount of water in the 
blood. We have already shown, under the head of “ T)Bansudation3,''^the 
untenable nature of such a view, and we would here only remark that 
the blood of tuberculous, chlorotjp, and hysterical pad^ts is often found 
to be far mqre watery, without, however, transudations having taken 
place, than the blood of patients having dropsical accumulations in dif- 
ferent cavities. We have already instanced amongst the conditions which 
favor the forrift.tion of a transudation, the amount of the lateral pressure 
exerted by the blood on the walls of the capillaries, the rapidity of the 
blood-current, the coefficient of elasticity of the walls, and many chemi- 
cal relations. We cannot, however, venture here, any more than in the 
involved phenomena of -vital processes generally, to refer an important 
process to one single, perhaps accidentally induced condition; for, in 
adopting such an unsatisfactory mode of evading a difficulty, we should 
run the risk of falling into the error which is too common amongst phy- 
^ians of the present day, of referring the most complicated patbolo- 
gigal processes to the merest chimm'as, and endeavoring to explain the 
maclus operandt of certain powerful or inefficient remedial agents by 
clumsy mechanical or chemical hypotheses. 
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The purulent and ichorous exudations show in''special cases the same 
amount of affinity with the albuminous, and in part even with croupous 
exudations, as do the other exudative processes. In its purest state the 
purulent exudation generally, however, forms a yellowish, thick fluid, 
which difiers from every other exudation by the considerable amount of 
corpuscles which are distributed throu^ it with tolerable regularity. 

These corpuscles, which, however, also occur in other places and in 
other fluids, as, for instance, in the lymph (as lymph-corpuscles), in the 
blood (as colorless blood-cells), in the mucus of the mucous membranes 
(as mucus-corpuscles), &c., are, as is well known, vesicles consisting of a 
cell-membrane, whicn often appears granular, of viscid ^aline contents, 
and of a nucleus which adheres to the cell-membrane. These corpuscles 
may or may not be included under the head of cells, according to the 
idea entertained of the physiological cell ; and on this account it would 
be desirable, perhaps, to avoid the numerous designations which have 
been applied to these bodies, and to adopt the name of eyto'id corpuscles 
proposed by Henle. 

We do not purpose entering more deeply into the morphology of pu^5 
its mode of formation, &c., as this would be leading us too far from the 
main subject of our inquiries, and involving us in a labyrinth of unan- 
swered or unanswerable questions and the vaguest conjectures, as the 
chemical investigations hitherto made in this department of inquiry have 
contributed very little towards the elucidation of pus and purulent, exu- 
dations. Although we found ourselves compelled on a previous occasion, 
when investigating the micro-chemical characters of pus and suppuration,' 
to hazard various hypotheses on the morphological as well as the 
chemical nature of purulent formations, we are nevertheless of opinion 
that where chemistry is not suffibient in itself to solve the difficulties 
falling within its own scope of inquiry, it ought not to assume the sem- 
blance of being able to lay the foundation of a rational inquii'y by -the 
aid of unstable conjectures and mere assumptions — the imputation of 
which has, on too many occasions, clung to this science. We will not 
tlierefore, ent^ further into the genesis of pus-cells, or of the morpholo- 
gical elements allied to them, nor will we dwell on the physiological value 
of these cell8j|.^e different characters of laudable and malignant pus, 
&c., as almost every recent histological and pathological work abounds 
^ the most comprehensive facts and opinions bearing upon these points, 
j’^he sifting of the chemical facts before us will also be a matter of extreme 
facility, owing to the very small number of positive results yielded by 
the earlier chemical investigations. 

The reason why a very subordinate degree. of interest attaches .itself 
to. the earlier investigations made on this subject, many of whiph were 
conducted with great care, depends in a great degree upon the difficulty, 
or even impossibility, of separating the cytoid corpuscles of the pus 
from the intercellular fluid (the so-called pus-serum), although such a 
separation is obviously necessary to afford such a view of the constitu- 
tion of the pus, as may at once accord with nature and satisfy the re- 
quirements of physiology. A quantitative determination of the con- 

* Arch. f. pbj8. Heilk. Bd. 1. 8. 218-266 fa joint memoir by Lebmaan and Messer- 
Bchmidt]. 



292 


EXUDATIONS. 


stitucnts of the corpuscles, such as we have at all events approximately 
obtained for the blood, is scarcely possible as yet in the case of pus. Pus- 
corpuscles do not admit more readily than the blood-corpuscles of being 
separated by filtration from the intercellular fluid, and they also render 
indirect determination more diflicult, in consequence of their possessing 
a far less sinking capacity than the blood-corpuscles ; the cytoid cor- 
puscles of the blood remain, however, suspended like those of pus. After 
standing for some time, the pus-corpuscles begin gradually to sink ; the pus 
is then, however, generally changed in character, and the cyto'id cor- 
puscles exhibit more distinctly the nuclei which had previously been 
scarcely discernible. The serum of the pus has a less decided alkaline 
reaction than that of the blood ; indeed sometimes it is acid, and when 
placed in a vacuum, this kind of pus commonly evolves sulphuretted 
hydrogen gas. We cannot, therefore, regard the serum of the pus, 
which is accessible to investigation, as a perfectly pure object. But 
although this condition of the pus-corpuscles must be regarded as the 
nrincipal obstacle in the way of a rational investigation of this fluid, 
*thcre are not wanting other causes which very frequently render the 
object unsuited for a conclusive analysis ; amongst these we may 
especially enumerate the frequent occurrence of blood in pus, tiiat is to 
say, particles of fibrin and blood-corpuscles, as well as the elements of 
newly formed, or recently destroyed tissues. Such fluids would, at all 
events, be unsuited for analyses, from which we might wish to draw con- 
clusions regarding the special character of the pus, and of the purulent 
exudations generally. Another circumstance which calls for attention is, 
that to render an analysis of the pus thoroughly useful, it is essential to 
institute simultaneously an analysis of the blood ; yet what physician 
would be so unconscionable as to prescribe venesection in the case of a 
patient in whom the purulent discharge was so copious as to afford the 
chemist sufficient materials for a proper antllysis ? We must, therefore, 
necessarily content ourselves with having recourse to the lower animals 
for this purpose. There is nothing of chemical pedantry in desiring 
parallel analyses of the blood, but yet the accuracy of a physico-scien- 
tific inquiry would not be invalidated by its omission. It is obvious that 
the constitution of the pus must in a groat degree be dttendent on that 
of the blood, aqd that an accurate examination of the Wrmer must em- 
brace a notice of the character of the blood also ; but one would hardjy 
believe that this influence could extend so far as to manifest itself in the 
physical character of the corpuscles ; yet it is by no means difficult, 
after some little practice, to determine from the form, size, granulation, 
&c., of the corpuscles, the nature of the source from which they have 
originated. Thus, for instance, the pus from accidental wounds or ulcer- 
ated parts in a phthisical patient presents under the microscope a totally 
different appearance from that of a typhous subject, whilst that of the 
latter would in its turn differ essentially from the appearance presented by 
the pus taken from a drunkard or from a patient exhibiting the cancer- 
oiwdyscrasia ; and this would be observable even in cases in which the 
suppurative fluids could not be regarded as the ordinary ichor of sur- 
geons. In case these observations should excite a doubt in the minds of 
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those who have been accustomed to examine pus under the microscope, 
we would simply refer to the fact that the mere size of the linear dia- 
meter of a cyto'id corpuscle frequently furnishes a clue to the nature of 
the fluid from which it was obtained ; thus, for instance, Henlc* found 
that the cytoYd corpuscles in the pus measured on an average from, 0-004 
to 0-005'", that those in the saliva and mticus were somewhat larger, and 
those in the blood were, on an average, smaller. - These differences he 
ascribes, undoubtedly with much truth, to the different densities of those 
fluids. When therefore we find that the mere density of the blood, on 
which depends that of almost all the other juices of the animal body, 
exerts so great an influence, .we can scarcely suppose that the other quali- 
ties of the blood should exercise no action whatever on the chemical con- 
stitution of the pus. We can hardly therefore be accused of adopting 
any exaggerated or far-fetched view if we regard all analyses of pus, 
which are unaccompanied by simultaneous analyses of the blood, as 
devoid of all importance in interpreting a physiological process, or in 
promoting the recognition of the true constitution of normal pus. Wo 
have deemed it expedient to make these preliminary remarks, partly to* 
free ourselves from the reproach of having neglected the laborious inves- 
tigations of former inquirers in our representation of the chemical rela- 
tions of pus, and partly to prevent, as far as lies in our poiwir, the mis- 
application of efforts which would be lost to scientific pathology, by 
being expended on the chemical analysis of objects whose examination 
can in no way promote the advance of science. 

We have already observed, in reference to the plasma or the germinal 
fluid of the prfs, that it appears to be originally identical with the fresh 
plastic exudation which we examined from the secretion of a wound. 
We will here subjoin a few remarks in addition to the relations which we 
have already described. In one case the secretion was collected from 
wounds which had been inflicted upon eight rabbits in the mannqr already 
described: as soon as it began to flow free from blood-corpuscles, 100 
parts of the solid residue contained (as was determined by direct incine- 
ration) 12-341 of mineral substances (the solid residue of the serum and 
of the fibrin yielding 9-9718); 100 parts of the salts of the secretion 
from the woun^ yielded 41-145 parts of chlprinc, 5*819 of phosphoric 
acid, and G*94r of potash, whilst from that of the liquor sanguinis there 
were obtained 53*145{} of chlorine, 2*0l4g of phosphoric acid, and 4-8148 
of potash. In the solid residue of the secretions from the wounds in 
three geese there were 15-148(5 of mineral substances (in that of the 
liquor sanguinis there were ll-lSSg) ; 100 parts of the salts of the 
wound-secretion contained 7-018 of phosphoric acid and 7-147 of potash, 
whilst in those of the corresponding liquor sanguinis there were 8-118 of 
phosphoric acid and 4*663 of potash. Several experiments of a similar 
nkture conducted by my pupils, yielded analogous results. It has already 
been observed that the secretion from a wound does not long retain the 
character of a fresh exudation, but that it soon exhibits morphological 
elements, molecular granules, nuclei, and even ^cytqid corpuscles, when 
the edges of the wound do not cohere, that is to say, when the wound 
does not heal per primam inientionem. It may therefore be assumed 
that the exudation, as soon as it has become pus, will exhibit a different 
1 Ilandb. der ration. Pathol. Bd. 2, S. 685. 
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composition from the fresh wound-secretion, which may be able to pro- 
duce tissue, but cannot generate abortive cells (that is to say, pus-cor- 
puscles). A similar mode of reasoning has led to the assumption that 
the first secretion from a wound which is free from blood may perhaps 
contain a sufficient quantity of phosphates and potash-salts to restore the 
integrity of the injured tissue, Ifrhilst the latter secretion very probably 
contains only enoughf salts to forth cytoid corpuscles, but not a supply 
adequate for the formation of perfect cells or fibres. It happens very 
frequently, however, that the idea we have been led to entertain of the 
plan adopted by nature does not coincide with actual observation. At 
all events, the limited experiments which I have been able to make, and 
which were restricted to rabbits, do not confirm such assumptions. The 
ash of pus always contains a larger amount of phosphates and potash- 
salts than the intercellular fluid of the corresponding blood, although 
when compared with that of the fresh secretion from a wound it exhi- 
bited a very variable amount of these salts. ‘'This relation, which requires 
to be confirmed by further observations, can scarcely excite surprise, for 
there is undoubtedly something more necessary than phosphates and pot- 
ash salts to render an exudation truly plastic. 

Without entering further into the consideration of the inpidental 
morphologioal constituents of pus, we will at once proceed to its cytoid 
corpuscles. On micro-chemical investigation they present the following 
reactions. 

If fresh pus be very much diluted with distilled water ^ the corpuscles 
are seen to swell and become very pale ; the granular character of their 
surfaces either wholly disappears or true granules bccdme detached 
therefrom. The interior of the corpuscles occasionally exhibits a dis- 
tinct nucleus, but more frequently <Jnly an aggregation of granular 
matter with no distinct outlines, whilst in addition to this, the corpuscles 
also exhibit in their interior fine granules, which are in a state of active 
molecular motion. Henle has especially called attention to the circum- 
stance that, on the addition of water, some of the pus-corpuscles burst, 
and allow their viscid contents to escape, which then become dissolved in 
the dilute serum. The corpuscles then appear collapsed, are much 
darker, and still contain nuclei. The action of the water- ^.best observed 
in the cytoid corpuscles of the buccal mucous membrane; the lenticular 
nucleus, which may be here very readily recognized, is generally simple, 
tha^ is to say, not cleft, and is then situated so close to the investing 
membrane of the corpuscle, that it frequently appears as if it were 
attached to this membrane on the outside of the cell. This nucleus is 
brought more prominently into view on tbo addition of water, which 
does not cause it to split. "• 

Strong alcohol causes the serum of 'the pus to .cosgulato, and heneo 
renders a microscopical examination of the corpuscle unavailing. 
when spirit containing 289 of alcohol is employed, which induces no 
turbidity of the pus-serum, the corpuscles appear distorted^ somewlmt 
eloBgated, and, as it were, caudate or pointed. 

"hufisther, &ee from alcohol, the corpuscles are also distorted. 

- Whan fresh pus is treated with very dilvXe mineral aeidsy as hydro- 
chloric acid (1 part in 2,800 parts of water), nitric acid (1 part of 
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anhydrous acid in 2,000 parts of water), phosphoric acid (1 part in 1,500 
parts), or tolerably dilute organic acids, as acetic, lactic, oxalic, tartaric, 
racemic, or citric acids, no coagulation takes place, but the pus-corpus- 
cles swell to so great a degree that they frequently attain double their 
original size. The granular appearance, which may vfery probably have 
been owing to plaits in the capsule, disaptp^ars ; the latter, which appears 
to be extremely hyaline, very /)ften bjirsfs, when ijis torn and ragged 
fragments may be distinguished at different points, provided the light is 
good and the diaphragm be judiciously employed. Where the nucleus 
was originally visible, and of a simple, lenticular form, it retained this 
appearance after the action of these fluids ; but in those cases in which 
it had originally been invisflile, or where its appearance could only be 
detected by a darker spot in the corpuscle, the nucleus was generally 
tripartite and had a sharply defined outline. One or two dark granules 
may often be observed in or upon the nuclei, but we leave it to the 
physiologists to decide whether they should be regarded as nucleoli. 


Fig. 30. 



* Pan, from an aente abiceea. The lower half of the drawing shows the normal pm-cf^rpusclea. The 
upper half shows tbs action of acetic acid upon Iho pus-corpuscltfs. 

Ooncentrate^HTBaineral acids coagulate the .protein-bodies, and hence 
the distorted Corpuscles cannot be ’distinctly recognized amongst the 
separated granules of albumen. The organic acids acf in the concen- 
trated state in much the same way as when diluted, causing the variously 
cleft nuclei to appear perfectly distinct, although their different parts 
cohere together. 

The caustic alkalies, if used, in a moderate degree of golutii^, exert a 
rapidly destructive action on "'the cytoid corpuscles ; perfect solution, 
nevc^ takes place, but after having continued for sqme time visible, the 
corpuscles disappear on the addition of water, leaving only a gelatinous- 
like residue, in which various lighter and darker points may be recog- 
nized. Dilute alkalies vdestroy the corpuscles even more rapidly than 
the concentrated solutions. 

Aqueous solutions of neutral alkaline salts cause the sharp edges of 
the pus-corpuscles to disappear rapidly, contracting the latter until they 
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appear smaller, granular, and jagged, — an effect which is probably to be 
referred solely to endosmotic action ; the fluid contents are discharged 
into the serum ; the capsule then becomes plicated, and consequently 
assumes a granuley: appearance, which prevents the nucleus from being 
seen, although it may previously have been visible. 

Solutions of alkaline carhonaiee or borates also contract and distort 
the corpuscles; their prolonged action produces the same results as 
caustic alkalies, for without having previously rendered the nucleus 
visible, they gradually dissolve the corpuscles, leaving only some few 
granules, which are held together by a tough hyaline substance. 

If pus, in which the nuclei of the corpuscles have been rendered 
visible by dilute acids, be treated with solutions of neutral alkaline salts, 
the previously distended capsule contracts, and the nucleus becomes 
invisible, whilst the whole corpuscle is much distorted. But, conversely, 
if we add an extremely dilute mineral acid to pus which has been mixed 
with such a saline solution, it rarely happens that we can again render 
the nucleus visible. On this account we can raredy detect the presence 
of nuclei in the cytoid corpuscles of the urine in catarrh of the bladder 
by means of a dilute abid. 

An aqueous solution of iodine (1 part of iodine in 9000 parts of water), 
containing ^ trace of hydriodic acid, does not coagulate the serum of 
the pus, but it imparts a yellow color to the corpuscles, causes them to 
swelj, and brings the nuclei more prominently into view. A concen- 
trated solution of iodine (whether the concentration be effected by 
chloride of sodium, spirit, or hydriodic acid) coagulates the serum of the 
pus, and brings into view the nuclei of the corpuscles which are not 
entirely concealed by the coagulated albumen. 

Whatever evidence these micro-chemical experiments may afford on 
the q^ucstion of endosmosis, they throw very little light on the internal 
chemical nature of the pus-corpuscles, and scarcely even indicate the 
direction we ought to ft)llow in rendering the separate morphological 
constituents of the cytoid corpuscles accessible to more exact chemical 
inquiry. This much only seems clearly established, namely, that tKe 
investing membrane, the viscid contents, and the nuclei, are substances 
very closely allied to albumen ; nearly all of them exhibiting the re- 
actions peculiar to the protein-bodies. The investing membrane is a 
protein-body, which does not merely swell in a gelatinous manner in very 
^lute acids, but actually dissolves in these fluids. This property, which 
it exhibits in common with albumen and muscle-fibrin, distinguishes it 
very decidedly from blood-fibrin, which swells up, but does not dissolve 
in dilute Hydrochloric acid. This membrane is wholly insoluble in al|ca- 
line salts, and docs not dissolve readily evbn in the cauS^ alkalies. 
These properties very strongly exhibit the points ’which mainly distin- 
guish it from neutral albumen which is poor in salts (such, for instance, 
as the albumen obtained from an alkaline solution by neutralization with 
acetic acid and by-excessive dilution, or by the ce.rem addition of dilute 
spirit), or from casein, which has been freed from salt and acid (accord- 
Bopp’s mode of exhibition)^' whilst its behavior towards the capstio 
alkalies and their carbonates and borates, makes it approximate more 
nearly to muscle-fibrin (syntonin). If the serum of the pus and the 



PUS. 


297 


viscid contents of the corpuscles admitted of being removed, the most 
practicable method would appear to be that of dissolving the cell-wall 
in water containing hydrochloric acid, and exhibiting the matrix in a 
similar manner as with muscle-fibrin ; but this apparently practicable 
method of dilution with water and decantation, which, according to the 
above reactions, indicates no difficulties At the first glance, is found to 
fail most entirely on being tried, and we axe still ignorant of any other 
method of removing the serum of the pus, without dissolving the invest- 
ing membrane. 

it may appear a very simple matter to isolate the suhatance of the 
nuclei^ but even in this respect our expectations are not realized, for 
when wo attempt to dissolve the cell-walls by means of dilute mineral 
acids or concentrated solutions of organic acids, we arc scarcely ever 
able to succeed in completely dissolving the capsules of all the corpuscles, 
whilst, moreover, some portion of the viscid contents always remains un- 
dissolved in the form of fine molecules, which cannot altogether be 
regarded as fat, since they cannot be made to disappear when treated 
with ether. The great difficulty of obtaining the nuclei in a pure state 
consists, however, in the complete impossibility *of separating the un- 
dissolved particles by filtration or decanting. When treated with con- 
centrated nitric or Sulphuric acid, or with chromic acid, thownatcrial of 
the nuclei exhibits reactions, which seem to place it in the group of the 
protein-bodies, whilst the difficulty of its solution in concentrated sjka- 
lies, and the facility with which it dissolves in dilute caustic alkalies 
even more rapidly than the cell-walls, seem rather to show that this 
substance possesses considerable affinity with the nuclei of the cells of 
the horny tissue. 

We are unable to decide anything ’regarding the chemical nature of 
the nucleoli, for when the cyto'id corpuscles are digested with dilute 
alkalies till their distinctive character can no longer bo recognized, there 
remain, as we have already observed, more or less deeply tinged mole- 
cules, among which the nucleoli may possibly be present. On treating 
tKese masses with ether, a portion of the punctated mass disappears, 
but individual granules are still visible. But we are unable to decide 
whether these are the remains of the granules which were previously 
visible, or whether they have been separated by the ether ; and hence 
we do nofknow whether the original molecular granule! consist entirely 
or only in part of fine fat-granules. If we treat the nuclei, which have 
been obtained from pus by digestion with acetic acid and subsequent 
decantation (as far as this is practicable), with a not too dilute solution 
of potash, wb find that there ia formed, on heating, a gelatinous mass 
almost insoluble in water. This substance, which was formerly believed 
to be the matrix of the nucleoli, aind held to be a special material allied 
to homy substance (keratin), has been as yet found to present no dif- 
ferences from the strongly basic albuminates of potash, to one of which 
we have alreadv referred in vol. i. p. 297. Other protein-bodies, more- 
over, besides albumen, enter into similar gelatinous combinations with 
potash, and, like them, do not very readily dissolve in water. A groat 
number of the substances which have been pronounced to be keratin^ 
are nothing more than compoui]^ of strongly alkaline bases with pro- 
tein-bodies. 



298 


EXUDATIONS. 


In the experiments on pus made by Messerschmidt and myself, to 
, ■which I have already feferred, we were led from certain reactions to 
the erroneous conclusion, that we had been able to distinguish several 
varieties of fibrin in the capsule, nuclei, and nucleoli, an error which, 
unfortunately, met with more general approval than it deserved, consi- 
dering the state of science at time. We believe that we have now 
shown that there are not sufficient grounds for regarding any constitu- 
ents of the pus-corpuscles as identical with fibrin, and we need scarcely 
repeat the remark we have so often made, that it is injurious to the 
cause of science to attempt to identify or name different substances wi|^- 
out having had the power of closely investigating them. A deficiency 
in our knowledge is in such a case very far preferable to the mere accu- 
mulation of vague hypotheses. 

We have already shown from direct observation (vol. i. p. 226) that 
fat is accumulated in the corpuscles of the pus. 

Wo are, unfortunately, still deficient in observations which would ena- 
ble us to judge of the quantity of salts contained in the pus-corpuscles 
when compared with the amount present in its serum. 

We now proceed to fconsider the constituents of the serum of the pus. 
This fluid, when we can succeed in skimming it from the corpuscles, which 
only sink vpry slowly, is found to be entirely colorless, or of a faint 
yellow color, and perfectly clear ; it rarely contains fat-globules ; it has 
a faintly alkaline reaction, and, coagulates on being heated, , most 
frequently into flakes, but sometimes in the form of a dense white mass. 
Acetic acid occasionally renders k strongly turbid. ' 

The albumen of the intercellular fluid of the pus does not differ from 
that of the blood ; at all eventsf, all its reactions correspond perfectly 
with those of ordinary albumen. ' Moreover, the quantity of albumen 
in the serum of the pus is very variable, according to the source from 
whence it is derived ; in the four analyses which I was alone able to 
make, I found from 1’2 to 3-7g of albun|en in the serum of the pus of 
different persons. 

Mucin is not present in pus, except the latter has been obtained front 
inflamed mucous membranes ; it may in general be easily distinguished 
by a microscopical examination of the precipitate from other substances, 
which are precipitable by acetic a'cid. It presents an appearance of 
whitish striped flakes or membranes (see p. 87 of this volume). . 

Pyin is a substance which is in like manner preCipitabie by acetiq 
acid, although it differs from mucin as much as from casein. This sub- 
stance which was first shown by Gutsrbock' to be present in pus, is not 
of constant occurrence; it is certainly. absent from the pus of wounds 
in heathy persons. Guterbock.obtained i^^ointhe pus by coagulating 
the latter with alcohol, and extracting the residue with water ; it. is re- 
markable for being jtrecipitable with acetic acid and a solution of aluni, 
whilst it remains perfectly undissolved in both these fluids. Notwith' 
standing the frequent notiees^ of tills substance in works ■treating of pus 
an^^rfunous, it has been very imperfectly investigated. Mistakes .may, 
hoaxer, easily be made ; thus,<f(u: instance, on coagulating the pu^ the 
fluid becomes more strongly alkaline ; the alkali dissolves a portion of 
’ Pe pttris naturft et formation€i«Miis8« inauic. Berol. 1837. 
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the coagulated albumen, and this solution, when acted upon by acetic acid, 
deposits a considerable precipitate, but this latter does not dissolve in an 
excess of acetic acid as rapidly as one might have been led to expect 
from the assertions of most writers. A mistake may, therefore, easily 
occur even when the absence of mucus or casein can be demonstrated ; 
the latter point is not very easy of pro<:K||^ except in some special cases. 
Scherer* has submitted pyin-like bodies tb elementary analysis, and in 
the course of these observations he found that what Wd been regarded 
as a simple substance, and supposed to be pyin, consists in fact of very 
various substances with the mast different composition. Many persons 
have considered pyin to be an oxide of protein, indeed, as Mulder’s tri- 
toxide of protein ; but it will be found on a closer examination that the 
reactions of pyin do not correspond better with this substance than 
Scherer’s elementary analyses of the latter do with Mulder’s analysis of 
the tritoxide. Many authors are of opinion that pyin may be a transi- 
tion stage from fibrin to gelatigenous tissue, or a product of fibrin en- 
tering into a stage of suppuration ; but these conjectures have not 
hitherto been confirmed by the positions in which this substance occurs, 
so far as they have yet been accurately observed, ^r by its chemical re- 
actions. 

Scherer has submitted to elementary analysis several specimens of pyin 
obtained from different exudations, and has found that their composition 
was almost precisely the same as that of protein ; however, he alsofopnd 
other constituents of the exudations which appeared very similar to 
pyin, but differed very much from it in composition, being especially 
remarkable for their abundance of nitrogen (=22*37 g). 

CaBein does-, not occur in normal pus, and its presence has not been 
proved with certainty even in abnorfiial forms of the secretion. The 
deficiency of our knowledge of the protein-bodies and their immediate 
derivatives is nowhere more forcibly shown than in the investigation of 
pathological products. 'll' 

The quantity of fat in pus, the occurrence of which has been regarded 
as*highly characteristic, differs extremely according to the source from 
whence it is derived ; although, when compared with the amount con- 
tained in many other fluids, it is rather large. It is very considerable, 
and is always .present in all abscesses of the mammm ; cancer of the 
breast, however, always exhibits a larger amount of fat* than any other 
carcinomatous growth. In ordinary pus the quantity of fat varies, ac- 
cording to our observations, which agree with those of Guterbock, 
Valentin," and von Bibra,* from 2 td^6§. The different fats seem to con- 
sist of olein and margarin, alkaline oleates and margaratq^, and variable 
quantities of- cholesterin. We cannot entirely admit the correctness of 
Simon’s view, who held that the fat-globules which appear on the addi- 
tion of acetic acid to pus, consist principally of lilSerated fat derived 
from the corpuscles, since it may ahto he aependenton the deoompoutioa 
of the B&dpB dissolved in the pus-semm ;■ uid, indeed, fat-globules are 
often perceived in pus-serum after it has been treated for some time with 
acetic acid, which were previously not tube perceived. Pua occasionally 

* Untersuchungen zur Pathologic, S. 85-96. • Valentin’s Repert. 1888, S. 807. 

* Chem. Untersuoh. verschiedener Eitaiarten n. s. vr. Berlin, 1842. 
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contains a tolerably large amount of cholesterin, and Valentin found as 
much as Ig of this substance in pus which had been taken from an 
abscess in the thigh. On a careful examination of the masses of fat ex- 
tracted with hot alcohol and ether from the residue of the pus, a little 
fat containing phosphorus may always be detected in the residue which 
is insoluble in cold ether. 

Normal pus generally contains from 14 to 16g of solid constituervts. 
The purulent exudations which occur in serous cavities and bad ichorous 
pus, often contain a smaller amount of solid constituents. These solid 
matters .contain from 5 to 6 g of mineral or inorganic substances in the 
pus of healthy persons, whilst the amount may rise to 10 or even 14g in 
bad pus and in watery transudations. The ratio of the insoluble to the 
soluble salts in healthy pus varies from 1 : 7 to 1 : 9, whilst in bad pus it 
often=l;15 or even 23. It follows from these observations, that in 
bad pus a greater or smaller quantity of simple transudation must have 
become mixed with the true plasma of the pus. 

The insoluble salts of pus are those which usually accompany the 
protein-bodies, namely, the phosphates of lime and magnesia, in addition 
to which there is always a variable amount of carbonate and sulphate of 
lime generated by the process of incineration. There is, moreover, 
always some oxide of iron to be detected in the ash of pus, even when 
no trace of blood-corpuscles is to be discovered in the fresh fluid. 

djiloride of sodium constitutes the principal part of the soluble salts 
of pus. II. Nasse long since drew attention to the fact that the serum 
of the pus and its solid residue contains three times mom of this sub- 
stance than the blood-serum and its solid residue ; and even when the 
quantity of the chloride of sodium of the whole pus is compared with 
that of the blood-serum, the former is always found to be the larger. A 
comparison between the chloride of sodium in the serum of the pus, and 
that which is present in pus rich in corpuscles, shows that here, as well 
as in the blood, the larger proportion ofithis salt is dissolved in the in- 
tercellular fluid, and that a very small quantity only is contained in the 
pus-corpuscles. * 

The ash of the pus does not contain a very large amount of soluble 
phosphates, but, as we have already stated, no approximate estimate or 
definite relation can be established between these and the other salts. 
The quantity of *^6oluble phosphates in the ash of different kinds of pus 
varied between 3 and lOg. Moreover, the quantity of potash in the differ- 
ent kinds of pus did not admit of being definitely determined ; this much 
only was constantly observed, that ftfere was always more potash present 
than in the intf^rcellular fluid of the blood. The experiments made oD 
the pus of ’tabbits did not lead to any mord definite results. 

I succeeded by tlje same methods whicK I employed in the case of the 
blood and the transudations, to show the presence of alkaline carbonates 
and free carbonic acid in the puf. 

In the pus, as in almost all other exudations, we meet with hile-pig~ 
mettl, the bUiary acids, urea, and sugar, as incidental constituents. 

€liiy<3ocholate and taurocholate of soda were found by one of my 
pupils in pus from a large abscess in the thigh of a patient with catarrhal 
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icterus ; another pupil found su^ar in the purulent discharge yielded 
by the blistered surface of a patient with diabetes. 

We may conclude with the supplementary remark, that morphological 
elements which do not, strictly speaking, pertain to pus, are sometimes 
found in it; amongst these we must recken the fibrinous coagula which 
are often met with in suppurative exudations when they liquefy into pus 
(pneumonic sputa). In the pus of old abscesses, and in the ichorous 
chscharge from ulcers, we very often find crystals of phosphate of mag- 
nesia and ammonia, not unfrequcntly vibriones, and sometimes microsco- 
pical fungi ‘and confervm. 

Acid pus is probably of very rare occurrence in the animal body ; 
when pus has continued stagnant for a considerable time in the cavity of 
an abscess (in what are termed cold or congestive abscesses), it very gene- 
rally undergoes alkaline fermentation ; it then contains some carbonate 
of ammonia and triple phosphate, besides a large amount of sulphide of 
ammonium. I have only found the purulent exudations present in some 
few cases in empyema. Phthisical patients sometimes expectorate sputa 
having an acid reaction, >although no acid substance had come in contact 
with the expectorated matters, either whilst they*were passing through 
the mouth or after they were thrown up. The rare occurrence of acid 
pus is the more remarkable, as it very rapidly turns sour on being left in 
imperfectly closed vessels. When healthy pus is suffered to remain for 
several days in a corked bottle containing a certain amount of air,, and 
exposed to a summer temperature, we find on examining it under the 
microscope, that the corpuscles have swelled and become more transpa- 
rent, whilst the fissured nuclei are also speedily brought more distinctly 
into view ; afij^er a longer time the reaction is decidedly acid ; numerous 
isolated nuclei without a trace of celF-walls, and some few perfect cor- 
puscles are seen under the microscope, and interspersed amongst the 
corpuscles and the nuclei are innumerable molecular granules, whilst here 
and there we may detect tablets of cholesterln and a confused mass of 
threads of margarin. After pus has continued standing for several 
nfonths, the different fats appear in the most beautiful forms, such as no 
artificial means are able to produce. Even with the naked eye wo may 
detect white granules here and there in the pus ; these granules consist 
partly of a confused mass of fine threads of margarin, but chiefly of en- 
siform, lily-leaf-shaped, variously contorte<l and intersecting bundles of 
crystals of margaric acid, in which are embedded separate groups of 
tablets of cholesterin. 

The distinctions between pus and mucus, which so largely attracted 
the attention of the physicians of an earlier day, have' Iqst all their sup- 
posed importance, since modem physiology has shown that the two fluids 
are separated only by the mo^t gradual transitions, and that the mucus 
in inflammatory affections of the mucous membrane gradually presents 
large numbers of cyto'id corpuscles, together with albumen, and thus ac- 
quires great similarity, if not a perfect identity with pus, both in respect 
to its fmysical and chemical characters. Even the quantity of fat in 
the purulent fluid secreted by the mucous membrane in a state of inflam- 
mation, is very often fully equal to that of genuine pus, a fact to which GU- 
terbock attached great diagnostic value. The pus of the mucous mem- 
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branes commonly retains the property possessed by mucas of gelatinizing 
on the addition of water or acetic acid. 

Rokitansky’s ichorous exudations constitute an ill-defined group, cor- 
responding in many particulars with albuminous exudations. Their che- 
mical properties differ as much as their physical characters ; many are 
also entirely inaccessible to chemical investigation, which would, more- 
over be wholly useless, as they frequently are nothing more than simple 
products of putrefaction, and the detritus of the dead (gangrenous) 
tissue. 

In like manner we cannot ascribe the acid reaction, which* is more fre- 
quently observed in these than in other exudations, to an organico-vital 
process ; nor do the scanty chemical investigations which wc possess 
afford the slightest insight into the true source of the irritating charac- 
ter of many of these exudations, more especially of those which were 
originally coagulable, and deposited clots of fibrin. Rokitansky’s hoemor- 
rhagic exudation^ are even less amenable to chemical inquiry, and do 
not, therefore, fall within the scope of the present work, since they can 
only be considered from a purely anatomical point. 

The haemorrhagic Exudations lead us to the consideration of the meta- 
morphoses which the blood undergoes when it stagnates in vessels which 
have become occluded (in thrombus), or is effused ih individual tissues (as 
in extravasations and apoplectic centres). Many of the most distinguished 
inquirers have made this question the subject of the most careful inves- 
tigations ; the morphological metamorphoses which occur in such sangui- 
neous extravasations have been observed under the microscope, from 
their earliest origin to their persistent condition at a certain stage of 
development, or to their final disappearance ; yet, notwithstanding all 
these researches, many of the points already observed remain obscure 
and wholly inexplicable, the different opinions of inquirers being here 
more entirely at variance with one another than in any other department 
in the history of development. The,, diemical history of these exuda- 
tions is still more deficient, for here we have actually no observations. 
Histologists have endeavored by the aid of certain micro-chemical means 
to throw some light on this obscure subject ; but these attempts have 
either been of no avail whatever, or have yielded uery doubtful results, 
— an apparently similar structure behaving differently in different cases 
under the same reagents. A similar remark may be made in reference 
to the development orpathological exudations into those abnormal cellu- 
lar masses which especially characterize cancerous structures, or into 
those fibrous tissues which we meet^snth in fibroid tumors. Many young 
physicists, despairing of the possibility of explaining these matters, 'and 
the processes on which 'they depend, bya^emical means, have probably 
shared with us in the sanguine expcctaludn that histology, which had 
already thrown so much light on the development of normal tissues, 
would aid otfr chemical researches; but in these expectations ire have 
demanded more than chemistry m able to accomplish, vdiilst we have also 
probably underrated the extreme diversity of these highly complicated 
processes. 
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After having traversed the extensive domain of the organic substrata, 
■which serve as the solid basis of the zoo-vital processes, and endeavored, 
in accordance with the principles of an enlightened physical inquiry, to 
form a correct estimate of the chemical and physiological value of the 
numerous members of those groups of atoms W'hich serve the animal body 
both as materials for its structure, and as the mbans by which its move- 
ments are effected, Vfc at length approach the special aim of our inqui- 
ries, namely, the sttidy of the phenonltena manifested during life in those 
parts of the animal oi'ganism which we have been considering, and the ' 
elucidation of the internal connection existing between such diver,pified 
phenomena and the causes on which they depend. We drew attention 
in the introduction to the present work (see vol. i. p. 26 ) to the maxims 
and principles which ought to guide us in our attempt to unravel the 
hidden processes of material life ; we will not, therefore, enlarge upon 
our previous remarks, or expatiate any further upon a subject which has 
been treated with so much more ability by other writers, as, for instance, 
by Lotz’ and John Stuart Mill.* Yet, when we take a surtey of the col- 
lective mass of positive facts, we find a mere accumulation of disjointed 
fragments, the natural connection of which we are rarely able to discover, 
Since we often lack the intervening links by which alone we should bo 
enabled to follow the endless chain of vital phenomena. A careful study 
of the material substrata of animal life, as far as the present condition 
of science admits of such an investigation, cannot fail to show us how 
far removed we still are from obtaining a scientific basis for a true induc- 
tive treatment of the material processes of life ; and, indeed, it would 
almost seem to require the marvellous powers of combination of a Liebig 
to collect together and combing into a connected whole the scattered 
threads which constitute the materials for the study pf the metamor- 
phoses of animal matter. <» ■ 

' In proceeding to a minut#investigation of the* chemical processes in 
the animal or vegetable organism, we usually begin by considering such 
questions as — ^whether the masses ac^ upon by differeift forces in vital 
phenomena differ essentially from those in which we have studied mecha- 
nical or physical forces? — -whether all those differences which force 
themselves upon our notice in no small number and in a very decisive 

' Allgem. Pbyiiiologie des korperlichen Lebens. Leipx. 1861. 

* A System of Logic, rationative and indnotiTe London, 1643. 
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manner, on comparing together organic with inorganic, and organized 
witJi crystallized or amorphous bodies, are owing to essentially different 
causes, or arise simply from a multiplicity of intermerging forms, and 
only correspond to the more prominently marked points of limitation in 
the frequently intersecting series of qualities ? This is not a question, 
howoVer, which we purpose discussing at the present time ; for, as we 
have already observed in our brief notice of it in the introduction to the 
theory of the Animal Substrata, it has been finally set at rest by pure 
chemistry. The belief which our predecessors cherished of an actual 
principle of vitality has passed away with them, and to attempt to attach 
even a semblance of reality to this exploded notion of a bygone period 
woul8 be at once to condemn the most brilliant discoveries of the last few 
years, and indeed the whole labors of half a century, as the manifesta- 
tions of mere delusive chimeras. 

ButVhikt pure chemistry has shown us that the laws which control 
the cohesion of different atoms in stones and rocks are the same as those 
by which the persistence of the atomic composition of animal and vege- 
table substances is maintained, the theory of the animal substrata, juices, 
and tissues, affords a proof that the qq,ality of the different particles of 
matter which serve as points of application for the active forces which 
exist in th^ animal body, invariably corresponds to the functions required 
for the performance of the purposes of life. When we pass in review 
the delicately linked series of chemical combinations taken by the animal 
body from that laboratory of all organic bodies — the vegetable kingdom 
— or generated anew within itself, the idea involuntarily presents itself 
to us, that the chemical quality of a substance for the most part corre- 
sponds to its physiological importance ; thus we find that the more com- 
plex atoms, the chemical particlcs'of which have a less stable equilibrium, 
occur especially wherever the higher functions of material life are mani- 
fested. Thus, too, we bad occasion to notice, at the close of our descrip- 
tion of animal matters, that even those more' organized atoms which con- 
stitute the more simple substrata of th^ animal tissues are always formed 
in accordance with the functions which they control or the forces with 
which they are connected. However strikingly this observation seems 
to be confirmed, wherever the chcmibal movements of the animal body 
fall under our notice, it need not ekeite our surprise for when we only 
observe the kndwn laws of molecular motions, we perceive that their 
manifestations in these particles of matter must be different from those 
in inorganic nature. The manifes|ii^n of each force is connected with ' 
the nature of the mass which is to iJeSfcted upon, whilst the effects depend 
upon the circumstances under which the force is brought to bear upon 
the mass. If, therefore, we wholly disr^rard the question whether other 
forces than those witlf which the pKysichMb familiar may not act upon 
these masses, such forces appertaining exclusively to life, it follows a 
priori that th* resulting action ^ *these physical forces will be very dif- 
ferent when exercised upon inorgidlc particles (which, although differently 
forowd, present identical principles of ^structure), than when applied to 
the ahnpler forms of mineral substances. . This proposition requires no 
further demonstration, but it indicates the direction we must follow if we 
would attempt to trace the internal connection of vital phenomena in their ' 
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individual phases, and thus investigate the various processes of animal 
life. 

We have, in accordance with the plan of our work, passed in review 
the general mechanism of the animal organism, and considered the che- 
mical nature of the individual parts ; wo proceeded next to investigate 
matter and its endless variety of forms, without however directing more 
than a cursory glance at the motions of the individual parts, or the 
various phenomena of physical life. We have now to enter into the 
phenomenology of the individual members of this vast series, postponing 
our investigation of the forces through the agency of which the pheno- 
mena are called forth, until we have gained a sufficient knowledge of the 
qualitative and quantitative relations of the individual phenomena. ..’This 
is the simple and only practicable method of conducting every physical 
inquiry, and hence we ought not to neglect it in physiology. Nor can 
we enter into a causal investigation of the objects of our inquiry ■‘before 
we have considered the phenomena in the living organism from all points 
of view, and ascertained its relations of mass and weight. We shall have 
occasion to perceive, in our attempts to refer individual phenomena to 
their controlling causes, and to- ascertain the inner connection of their 
reciprocal efl'cets, that a great number of vital phenomena stand in the 
simplest relations of^ependence to well-known, so-called physical laws, 
or more general propositions ; and that it is to the special mode of 
arrangement of the individual elements of motion, and to a complication 
of numerous conditions, that we must, at all events to a great extent, 
refer the speqific character which is impressed upon vital phenomena. 
We certainly very often fail in solving the mystery of the internal asso- 
ciation of phenomena, or the connection of the laws or forces by which 
they are controlled. Even in the cast? of a purely mechanical or purely 
chemical effect, we very frequently fail in comprehending the complica- 
tion of circumstances which has given rise to the peculiar results 
manifested. We must notj: however, regard the various interruptions 
which present themselves to Qur notice in the consideration of vital 
pweesses as a proof of the development of forces pertaining exclusively 
to life. 

Molecular forces themselves, and the manifold complications which they 
undergo in accordance with different <!ircumstauces and relations of mass, 
are not yet sufficiently elucidated to enable us to trace ’the causal con- 
tiection of all the phenomena to which they give rise even in the inorganic 
world. , ^ 

How numerous are the actiouS^r affinity W’hich we have hitherto 
fmled in referring to any general rules, or even to the leading principles 
of chemistry I We do not even know whether chemical "combination is 
the sole effect of chemical afflKB^. Sut the simplest effects of cohesion 
and adhesion manifest themsedves under such numerbus and various cir- 
cumstances, that physicists have been>wable to elucidate the conditions 
on which they depend. Who would hf^e believed some years ago that 
the most strongly developed chemical affinity might occasionally be de- 
stroyed by simple diffusion ? or who would have ventured even a few 
months back to plunge his ha:^ into molten glass, or to immerse a 
•living child in melted copper ? Ishen experiments of this nature were 

VOL. II. 20 
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attempted in former ages, mere vital force was regarded as too simple 
and inefficient to afford an explanation of this phenomenon ; no power 
hut the All-Highest being capable, according to the vulgar belief, of thus 
miraculously suspending the ordinary laws of life ; yet this marvel, which 
still excites the wondering admiration of the ordinary spectator, admits 
of being reduced to very simple relations of cohesion. The effects of 
molecular forces have never been so thoroughly examined in all their 
bearings and modifications as to aid us in our consideration of the intri- 
cate mechanism of the innumerable results manifested in the animal 
organism. Even now a Graham is devoting his energies to the elucida- 
tion of the numerous effects of diffusion, and we scarcely yet possess any 
solid basis for our views of the phenomena which are termed endosmotic. 
Yet, notwithstanding this great deficiency in our knowledge, the few 
certain conclusions which we have drawn from our experiments on diffu- 
sion and endosmosis have already largely augmented our knowledge of 
many of the processes in animal life. Our insight into the movements 
of matter is daily being enlarged by numerous contributions from able 
physicists, who have elucidtifted many points which had previously been 
enveloped in obscurity, and which, without such elucidation, might wdth 
equal propriety have been referred to either a vital or to any physical 
force. Sych labors are daily supplying us with .the compass and the 
quadrants by which we may safely steer our course across the vast sea 
of vital phenomena, and learn the position and reciprocal bearing of each 
individual point. It will be better, therefore, to wait patiently for the 
advent of the new discoveries promised to us by these researches, instead 
of selecting as our guide the mysterious vital^ force which does not even 
interpret to our own satisfaction the phenomena we desire to elucidate, 
but merely plunges us lower into those conflicting depths of physical 
inquiry in which so many bold adventurers have been already lost. In 
plain words, it would be far more conducive to the advancement of 
science, were we to direct our efforts to the task of referring vital phe- 
nomena to mechanical conditions, instead of resigning ourselves to the 
fiction of a general principle, which will never satisfy that natural stri\Ang 
of the human mind which seeks to embrace all phenomena in one ideal 
connection. 

The living body itself is not th\} place where we should seek to inves- 
tigate the forces by which the movements of animal matter are controlled, 
and it is only when examined externally to the organism tiiat we can make 
them subservient to the elucidation of the phenomena of life. This is 
the course which has been pursued%y physiologists of recent times, to 
whose researches we owe a very considerable number of the most inte- 
resting conditions regarding molepulRT^ motions. When the scalpel of 
the anatomist' has brought to view thdil^Hcate structure of all organic 
parts, and the mode of arrangement and the mutual relations of different 
phenomena have been studie^the physiologist endeavors to trace the 
causal connection of facts to ignite laws, and seeks to refer the course 
of^phenomena to other forces besides those which . appertain exclu- 
siVwy to the internal mechanism of the body. Whilst in former times 
physical laws were often not sufficiency taken into consideration in the 
explanation of vital phenomena, thelpndendy of latter times has rather 
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■been to attach undue importance to them. All things which did not ad- 
mit of being referred in a simple manner to known mechanical means, 
were ascribed to vital force, which, although as yet unknown, might, 
perhaps, serve as a guiding light to future generations in their advance 
on the paths of physical inquiry. But it was forgotten that there are 
very many phenomena in inanimate nature which must be explained by 
physical laws, and that we have very slight knowledge of the laws of 
molecular motion. The many cases, too, have been overlooked in which 
chemical phenomena are opposed to all the ordinary laws of aflSnity, 
whilst the theoretical deficiencies of our highly-vaunted science of che- 
mistry have not been thoroughly admitted, notwithstanding the want of 
success which has attended all the attempts hitherto made to explain 
the highest chemical principles in simple mathematical symbols, and to 
calculate their results by simple formulae. 

When we consider the deficient state of our knowledge of many physi- 
cal laws, and the varying circumstances by which their results are modi- 
fied, we can hardly suppose that all the phenomena of animal matter can 
at present be referred to mechanical conditions, and we shall be com- 
pelled to admit that there are no grounds on which we can establish an 
exclusive vital principle by Avhich the phenomena of life can be explained 
independently lof purely physical forces. Physical inquiry demands that 
our investigations into the existence of a vital force should be preceded 
by a complete separation of all phenomena which can be referred to 
purely physical forces, from those which depend upon some force peculiar 
to life. Physical knowledge is, however, quite inadequate in its present 
state to afford proof of t^is nature, for which we must await a more 
perfect development of this branch of science. We are still ignorant of 
the relation borne by the obscure ag*ency of the nerves to electricity : 
and, notwithstanding the attention that has been directed to the study 
of the phenomena of the nervous system, the physiologist would scarcely 
venture to determine whether these phenomena admit of being referre<l 
to certain physical relations, or whether we are compelled to assume the 
ejfistence of some specific nervous agent peculiar to animal life. As, 
however, we are still unable to refer nervous actions and certain other 
phenomena of animal life to simple physical laws, we must leave the 
proof to those who, even in the present day, regard as undoubted the 
existence of a nervous agent or vital force. The correctness of the 
view which ascribes vital phenomena to mechanical conditions, cannot be 
fairly tested till the existence of tjti» new force has been proved ; but 
how can such proof be adduced in reference to a force the simplest effects 
of which are unknown to us, and which differs from other forces mereljr 
b^ its disregard of all restric^iens, and of the limits prescribed by physi- 
cists to laws ? It may be brie^ asserted that the exclusion of physical 
agency affords no proof of a purely vital force ; and yet there is no 
other means by which its existence cj(j|,’ be established, yhe physicist 
who rigidly follows the leading maxima of his own science, must admit 
the possibility of a vital force, although he may regard any proof of its 
existence as at present impossible. 

The time has passed whqp the assumption of different vital forces was 
supposed to afford sufficient explanation of all or any alterations occur- 
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ring in organized bodies, or when these same forces were fancifully repre- 
sented as the architects of the organism, and the stewards of the vege- 
table and animal economy, providing all things, providently warding off 
all noxious matters, removing all that threatened evil, executing all 
useful things, and everywhere active, keeping a watchful guardianship 
over the whole organism. But physiologists still exist, who regard those 
phenomena in the vital economy, which we arc as yet unable to explain 
on physical principles, as a proof of the existence of a specific vital 
force. Let us once more briefly consider the grounds which make such 
an assumption simply problematical. 

If the proposition be established that no organized body can bo formed 
from* the fortuitous elements of inert matter, and if organized bodies 
must originate in organized structures only, and finally, if, without life, 
life could not be generated, the elaboration of organized bodies must 
depend upon that which is organized — upon life, or vital force. Such a 
sequence as this proves the impossibility of obtaining an insight, from a 
physical point of view, into the origin and development of organic 
matter. We must admit that in the physical sciences generally we meet 
with certain boundaries beyond w’hicb we are conscious that the human 
intellect nevpr can or will pass. Thus astronomy, the most perfect of 
all the physical sciences, will never succeed in explaining how the plane- 
tary system, with its satellites, w’as first set in motion, or what gave the 
firgt impulse to the eccfcntric orbits of the comets which trayerso our 
solar system. Notwithstanding Laplace’s theory, we are ignorant of the 
primary cause of the formation of the earth ; we are firmly convinced 
that, at a definite period of the earth’s dei^elopment, the seeds of all 
plants were simultaneously scattered over its surface ; we know that for 
thousands of years an exuberant vegetation covered our globe, before 
the sun had matured the first germ of animal life ; and we are equally 
convinced that it was only subsequently to the most recent revolutions 
on the earth’s surface that the higher animals v^ere created, and that, 
last of all, Man appeared. But here the physical science leads us to a 
boundary, which we distinctly recognize as such, and know that we ban 
never pass, without leaving the domain of physical inquiry for the re- 
gions of metaphysics. But it does not follow that because we are una- 
ble to recognize the origin of certain natural phenomena, we may not be 
capable of com’^rchending their subsequent course. The humsin mind 
does not turn aside from the study of the movements of the heavenly 
bodies, because it does not, and never can hope to know the origin of 
their motion ; and its efibrts have b6en successful in attaining the most 
exact acquaintance with the laws of those motions, and the course of the 
motion y^hen once imparted, and hais even been able to predict what those 
motions will be at a future period ; for the laws remain everlastingly un- 
changed, although the primum movena cannot be recognized after it has 
once imparted the motion which obeys the laws. Thus, too, in respect to 
the primary formation of organized bodies, either as seeds or ova, no 
inyestigation wdll ever shotv how the germ originated, or what regulated 
the first creation of ova and seeds ; yet, notwithstanding this, we are as 
well able to investigate the laws of the oi^anic motion that has been 
induced, as to study the regular movements of the heavenly bodies in 
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their orbits ; for, as in the regions of space, the first moving force merely 
gave the impulse to motion and regularity, and did not again, by re- 
newed influence, affect the motion imparted to the created body, so also 
when the force by which the germ was generated, had implanted in it the 
laws necessary to effect its development, and to control its further elabo- 
ration and assimilation, it ceased to interfere with the laws it had esta- 
blished ; it gave to the living organism no guide or guardian by whoso 
agency the sacred laws of its being were to be modified or miraculously 
suspended. The true miracle of nature is the unchangeable regularity 
of the course of all phenomena. Since, tbiierefore, conformity to law 
has been implanted in organized bodies, we may hope, although perfiaps 
at a later period, to examine the laws of organic nature as acfcuratmy as 
previous generations succeeded in elucidating the physical laws of cosmi- 
cal phenomena. 

Although in our study of the animal organism we frequently meet 
with phenomena which we cannot deduce from known chemical principles, 
and which indeed seem to be in direct opposition to them, we must not 
at once conclude that the laws of affinity are parjially or wholly ineffi-' 
cient in these cases ; nor should we suppose that there is any marvellous 
intervention of some force acting with a definite purpose. The chemical 
force is not destroy dd, but the c.xtcrnal relations, which conftol its ac» 
tivity, are altered. Force is obviously nothing more than the expression 
of the cause of natural laws ; if, therefore, facts do not accord with «ur 
laws, we must cither have formed a misconception of the ideas of these 
laws, or, at all events, we must have imperfectly investigated the diffe- 
rent circumstances under which they are exhibited. The result of forces 
(which, in a physical sense, is only a sljort expression for the laws) must 
necessarily be different under different conditions. 

Albinus* took no superficial view of the organic activity in nature 
when he established 'the axiom that the essence of vital force consisted 
in motion. Even if this expression be far too general for organic action, 
it cannot be denied that we assume life to exist wherever we perceive a 
constant alternation of phenomena and incessant changes, induced by the 
constant motion of the molecules of the organized body, as well as of the 
organs themselves. Although Albinu/j overlooked the fact that,*ron the 
one hand, something more than this is necessary to vitijl action (as we 
here for the most part consider the grounds and object of motion, often 
without comprehending its primary origin), and that on the other hand, 
we recognize a perpetual movement^ in the heavenly bodies without as- 
suming that they are on that account possessed of life, this proposition 
is to a certain degree correct, when we limit it to the substrata of vital 
manifestations — to organic motiqn ; for we find that wherever matter is 
endowed with life, its chemical molecules are endowed with incessant 
motion. 

Metamorphoses are continually developed in the material substrata of 
the living body. Physical forces always strive to maintain themselves 
in equilibrium ; the matter set in%iotion by them finds, or, at all events, 
may find, its centre of gravity — its point of rest. Physical forces con- 

^ De nature homiiiis, p. 39. 
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tiune to act upon matter after it has attained its position of equilibrium, 
for it is only by opposite actions that the equilibrium exists. A bodj 
which is moved by physical laws appears always to tend only towards a 
state of rest ; inorganic chemistry continues active, and induces motion 
and metamorphosis until the closest affinities are satisfied. 

The case is very different when physical forces act under organic con- 
ditions, or when motion occurs in organized bodies, for here we find a 
tendency to persistence ; everything that is brought into the line of 
direction of these concurrent forces is impelled to similar motion, and 
although a temporarily preponderating force may be antagonized, equili- 
brium will not be induced ; for equilibrium is rest, and in rest there is no 
life, amd in "equilibrium there is death. 

If we may be permitted to bring prominently forward some few causes 
from the sum of the conditions under which physical forces act in the 
motion of living' beings, there arc three characteristic points which ap- 
pear especially to challenge our attention. The question arises how this 
persistence of motion, which can only be maintained under purely me- 
chanical conditions, can exist independently of vital stimuli. We are 
acquainted with a number of purely chemical motions or processes which 
require for their accomplishment a certain duration of time, or, in other 
words, a lotiger interval, to equalize all the conditiems of affinity than is 
required for the usually instantaneous effects of chemical affinity. We 
need only refer to the solution of fibrin in nitre-water, to the decom- 
position of alcohol by caustic alkalies, to the formation of numerous com- 
pound ethers (Liebig*), and more especially to the processes of fermenta- 
tion and putrefaction. In the meanwhile, notwithstanding the occasional 
constancy of all these chemical motions, they differ in a very marked 
manner from organico-cheraical actions in living organisms. .Thus in 
fermentation and putrefaction we observe that the chemical motion exhi- 
bits a tendency towards the simplification of the radical— -a tendency to 
equilibrium ; in these decompositions there are always produced more 
fixed combinations and more persistent bodies, until at length there are 
formed either undecomposable radicals or their most constant combina- 
tions, upon which equilibrium or rest follows. We perceive no tendency 
of this kind towards equilibrium in cbemico-vital motion ; for here one 
motion is produced only in order *to call forth somq, other motion, the 
object of the metamorphosis being merely to effect a new change. The 
molecular motion itself is thus maintained by motion and gives occasion 
to new motion ; a substance undergoing metamorphosis gives origin to a 
new substance, which in its turn becomes the source of new motion, that 
is to say, new substances are formed by chemical activity wKich are not 
characterised by their constancy, as in putrefaction and decay, but are 
distinguished by thpir marked tendency to generate new motion, new de- 
composition, and new metamorphosis. Hence we also observe tha* in 
processes of "the highest vitality in the organs, the most decomposable 
substances, even self-decomposing bodies, are fomed. Diastase, ptyalin, 
and pepsin, the most readily decompesable substances, are produced 
only during high organioo- vital activity ; but owing to the incessant 
metamorphoses which they undergo, even whilst they are being sub- 
^ Ann. d. Ch. u. Pbarm. Bd, 65, S. 850. 
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luitted to cBemical investigation, they have been but imperfectly exa^ 
mined. It is not, therefore, the capacity for repose in inert matter, on 
which the persistence of motion, and, consequently life, depends ; for the 
return of the molecules to a state of rest is prevented in the same manner as 
falling when a man is walking or running. The chemical molecules are 
not in a condition of stable equilibrium or of the strongest affinity ; but 
the act of falling, the more constant union, the suspension of motion, is 
prevented by another simultaneous motion, the centre of gravity becom- 
ing unstable, and the manifestations of affinity being kept au courant. 
In consequence of the variety of substances which are brought into con- 
tact with one another during the metamorphosis of matter in plants and 
animals, one molecular mass is hindered by another, during the general 
motion and transposition, from attaining its natural centre of gravity, 
and is constantly drawn aside into new directions at the time it was 
striving to acquire equilibrium by the most powerful forces of affinity. 
Many poisons destroy life merely by suspending the action of some of 
the factors of organic motion ; in the same manner as in fermentation 
and putrefaction, the special exciters of these nrocesses induce chemical 
equilibrium. 

Organico-chemical motion is the most complicated of all molecular 
changes ; for besides Ae many new substances formed at one spot and at 
one time from other substances, there also occurs in an equal degree a 
disturbance and a new arrangement of the particles of the previoualy 
formed bodies. We may here instance the muscular tissue, in which the 
muscular fibre is formed, and where, after it has continued for some time 
to subserve the higher purposes of life, it undergoes a new metamorphosis 
in the muscle, -simultaneously with the formation of new fibre. Thus we 
have here, at one and the same spot, the beginning or origin of a substance, 
its persistence or adaptation, and its termination or dissolution. Occasion- 
ally, one or other of the factors of motion becomes consolidated, without 
passing through the general course of the ordinary phenomena ; an aggre- 
gation of molecules is here brought to a state of chemical equilibrium, and 
forms a more constant combination ; individual groups are brought into 
rest, and become deposited ; in this manner, for instance, fat and horn-cells 
are produced in the animal organism, and gum, resins, and oils Ir vege- 
table bodies. ^ 

If we consider life in the organic substrata from this point of view as 
an incessant movement of molecules and molecular aggregations, as an 
uninterrupted process in which beginning, progress, and termination of 
motions intersect one another at the same time, it.will no longer excite 
our surprise that the chemist has hitherto been unable to trace physiolo- 
gico-chemical processes in their various directions, to detect from amid a 
seeming chaos all the substrata which concur in effecting such a process,* 
and to determine with exactness their different properties. Nor must 
the chemist flatter himself that he can at^ionce, in the midst of the per- 
petual metamorphosis of matter, arrest the life and motion of the organic 
substrata, and thus examine the position of the chemical molecules at the 
moment of rest ; and he would bo equally in error were he to assume 
that the substances he has separated are entirely the same as they were 
when all the molecules in the organized body were in a state of vital 
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motion. It is impossible to arrest at will the machinery of molecular 
motion, to bring the moved parts at once to rest and render them rigid, 
to make them maintain the same unstable equilibrium, or to separate the 
individual parts of this chemico-vital mechanism. As we are not able to 
analyze ferments because it is by the very act of self-metamorphosis that 
they generate fermentation, so also does it defy the efforts of the chemist 
to investigate organized matter itself ; for his solvents and reagents affect 
only the products of molecular motion in the living body, but not the 
act of motion itself. If the scalpel of the anatomist, which only reveals 
to us the often-mangled structures of life, has yielded such grand and 
brilliant results regarding material life as to form the basis of physio- 
logy, what may we not look forward to from the attainment of a more 
profound insight into the molecular movements ? or need we wholly 
despair of being able, by physical investigations, to discover some mag- 
nitudes which will enable us to calculate the highest unknown magnitude ? 

Many persons have found it very difficult to understand how inorganic 
matter derived from the external world, can become subject to organic 
laws within the sphere of the living organism, and undergo the metamor- 
phoses appertaining to that sphere without the co-operation of dynamical 
laws belonging exclusively to life. It was thought that the magic circle 
of the vita^ principle was sufficiently restricted if tlTe mineral substances 
which we meet with in the organism were regarded as beyond the limits 
of vital force. Assimilation and reproduction, like growth, were regarded 
as inexplicable, according to physical laws. But although many indi- 
vidual points may defy all attempts at explanation, we cannot doubt that 
these phenomena must be susceptible of a general explanation ; for if we 
limit ourselves to the known phenomena of motion, we shall find that 
there is not any indispensable necessity to assume that this kind of mole- 
cular motion requires the control of any such agent as vital force. 

We meet with very many cases in which several bodies seem to induce 
in other bodies an action similar in force to the one they exhibit, although 
there is no appearance of a relation of affinity between the products of 
decomposition and those bodies which are still undocomposed. Organic 
chemistry is rich in cases of this kind, and similar instances are not 
wanting in inorganic chemistry ; t^e most frequent and striking of these 
occur in the processes of fermentation; for we here find that a small 
quantity of a substance undergoing a definite metamorphosis, can induce 
a special form of decomposition or metamorphosis in an infinite quantity 
of some other substance. As the slightest contact with any indivi- 
dual point of matter in the molecules of iodide of mercui^, arsenious 
acid, metallic uron, or fulminate of mercury, and in a hundred other simi- 
lar subs^jUfces', gives rise to an endless series of definite motions ; so the 
Smallest amount- of, a putrefying body is able to impart to the chemical 
molecules a definite motion, which is propagated in an uninterrupted 
sequence from atom to atom, and may thus call into existence new forms 
and new qualities. All these phenomena, which were formerly referred 
to specific catalytic force, not amenable to any law, and v^hich were 
first'teferred by Liebig to their true physical relations of causality, indi- 
cate the point of view from which we ought in a physical light to exa- 
mine many of those vital phenomena which at an earlier period were 
ascribed solely to the vis vitalis. 
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The primary origin of all vital phenomena is as unfathomable a niysterj 
as the first impulse bj which suns with their planets and satellites were 
impelled in their orbits ; but if we direct our attention to the motion 
once impai'ted to organic molecules, we shall be able to trace the co-ope- 
ration of the laws of the impulse or propagation of motion in the devel- 
opment, growth, reproduction, and secretion observable in organized 
bodies. From our experience on those points we shall frequently see 
-how it is possible that substances which appear in all chemical points to 
be opposed to one another, may present similarities. The germ in the 
egg and in the seed is surrounded by substances whose molecular arrange- 
ment may be disturbed by a slight inipulso, and made to undergo meta- 
morphosis. By a slight transposition of its atoms, or by the elimination 
or absorption of water, the starch of the cotyledons is very readily con- 
verted into bodies bearing very little resemblance to itself, but most exten- 
sively diffused through the vegetable kingdom, as, for instance, into 
gum, mucilaginous matter, cane and grape sugar, cellulose, &c. The 
white of egg is in like manner capable of undergoing the most various 
alterations without losing the most essential atoms of its constituents ; 
albumen, the first and most important of aniraaFsuhstances, is a perfect 
Proteus in its metamorphoses, assuming the most singular forms both in 
animal and vegetable bodies ; yet we everywhere meet with the same 
groups of atoms, although the molecular arrangement is constantly 
changing in order to invest them with different physical and even cljemi- 
cal qualities ; and thus chemistry has hitherto failed in tracing the mole- 
cular motifns of albumen in all its forms. Nature has surrounded the 
germ with variable substances such as these, whosC molecular structure 
has so unstable a centre of gravity that whenever the slightest motion 
occurs in it, it readily extends to the other molecular masses ; nature has, 
therefore, surrounded the mysterious source of life with substances which 
readily admit of being drawn into its current. Are wo to believe that 
vital force resides in the germinating seed for the purpose of fabricating 
sugar from starch? or that the impulse of chemico- vital motion is pro- 
pagated to the oscillating molecules, because wo can communicate such 
an impulse to starch within a digesting fiask as to change the grouping 
of the molecules, and alter the direction of their centre of gravity ? The 
latter view, at any rate, furnishes some explanatioxi of these processes, 
and is supported by numerous analogies, whilst the former is a mere 
ideal mystifiea,tion of a simple fact obvious to the unaided senses. It 
would appear as if all the starch and all the albumen were drawn into 
the movement of germ-life before the stream of life had acquired suffi- 
cient force to increase its own mass by incorporating, other molecular 
parts having a more stable centre of gravity. It is now qnly that the 
quantity of chemico- vital motion seems sufficiently great to impart 'to 
bodies having a more stable equilibrium a motion -vmich is then regulated 
by physical and vital laws. The accession of new matter to the moved 
mass does not diminish the velocity of vital motion ; the whole quantity of 
the motion is increased ; for the destruction of the chemical masses which 
previously rested upon a solid basis gives occasion to a new impulse and 
to renewed motion ; as, for instance, a single atom of oxalic acid is able 
to convert a hundred and more atoms of oxamidc into oxalate of ammo- 
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nia, or as a single vesicle of air can produce fermentation in infinite 
quantities of vegetable juice, or as the avalanche which increases in 
mass as well as in velocity as it rushes down the snow-covered declivity 
of the mountain side. This kind* of vital motion is at least not at vari- 
ance with physical laws, whilst it presents analogies with purely mechan- 
ical motions. It is these analogies which the investigator of nature must 
endeavor to detect in vital motion, in order to deduce from the known 
factors the still unknown coefficients of this motion. The vital law can- 
not be discovered and elucidated until the chemical and physical laws by 
which these motions are regulated have been thoroughly investigated and 
distinctly recognized. 

It appears strange, and scarcely reconcilable with physical laws, that 
the molecular motions in the living organism should so rarely deviate 
from their prescribed course, notwithstanding the innumerable causes 
which are constantly threatening to disturb them. Organic vital motion 
is neither straight nor uniform ; all its manifestations exhibit an oscilla- 
ting character, appearing invariably to incline first in one and then in 
another direction, although some compensating property seems to pre- 
vent excess beyond a ceVtain limit. As the influence of heat is compen- 
sated in the animal body by the increased evaporation of the fluids, like 
the action of. the same agent on the compensation peudulum ; so also in 
organic motion, notwithstanding its extreme fluctuations, regularity is 
maintained by some one predominant force being spontaneously arrested, 
and by the simultaneous action of different particles in motion, which 
neutralize on the one side what might from the other side give rise to 
a disturbance in the regularity of the organic motion. The existence of 
this compensating capacity in organic motion meets with the fullest con- 
firmation in its abnormal or pathological phenomena, which have con- 
sequently been regarded as affording the most convincing proofs of the 
reality of a wise and provident vital principle. 

Although the dogma of the vital force cannot be wholly passed by in 
a text-book of physiological chemistry, we should not have treated it 
with the completeness with which we foi’merly* considered it, if there 
were not some cause of apprehension that there might occur a reaction 
in reference to this question, and that vital force, even if it did not re- 
gain its former position, might yet obtain a recognition injurious to 
scientific inquiry. ‘ The imperfect experiments which hove )>een made 
with a view of deducing certain phenomena in the living di^nism from 
some simple physical law, or bringing them into harmony wim some ordi- 
nary experimental fact, although these phenomena probably depend upon 
a sum of mapy individual forces acting under the most various- modifica- 
tions, simply ^ffq^d^evidence of the superficial and deficient physical and. 
chemical atta|Qibdnt(.s of those who instituted t^em,^and have probably 
done more to support* the belief in a vital force, than the fact that we 
have as yet no prospect of being able to refer the formation of cells and 
tissues, end the suitable conformation of all the individual parts of the 
animai^organism to definite physical and chemical laws. 

I jn the first part of the original edition. 
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OEIGm OF ORGANIC MATTER IN THE VEGETABLE 

KINGDOM. 

Before we proceed with our gpq^ral review of zoocheraical processes, 
we must consider the locality and the relations under which organic mat- 
ter is mainly formed. Theoretical chemistry shows us that the compo- 
sition and all the properties of those substances which are especially 
named organic, are not only not opposed, but actually afford the most 
brilliant confirmation of all the more general laws which refer to this 
department of chemistry. There seems, therefore, considerable proba- 
bility that the formation of organic matter from inorganic substances 
may be due to the action of the more general laws of physics and che- 
mistry. If affinity, like gravitation, be an integral property of matter, 
the first indications of the formation of organic matter must necessarily 
furnish the best point from which to investigate the chemical laws which 
control the generation of organic from inorganic substances. The rela- 
tions on which such formations depend have not, Iwwever, been examined 
with sufficient exactness to admit of our representing the formation of 
organic matter by«simple formulm, based upon direct ojiser rations. 
Whilst an opinion prevailed in earlier times that plants, like animals, 
required for their well-being to appropriate to themselves at least some 
definite, but not inconsiderable, amount of organic matter in the form of 
humus, Ingenhouss held the opinion that plants derive their nutriment 
solely from inorganic nature ; and this view has been most ably defended 
by Liebig, who has shown that the vegetable kingdom collectively, or 
at any rate the great majority of Vegetable substances, is nourished 
solely by carbonic acid, water, and ammonia, and that, consequently, all 
organic bodies in the vegetable kingdom are generated solely from these 
three inorganic substances. 

Priestley and Sennebier first made the observation that the leaves of 
plants, when exposed to solar light, absorb carbonic acid and in its place 
exhale oxygen. The admirable experiments of Saussure, and the later 
researches of Grischow, Boussingault, and others, have elucidated many 
points connected with this subject. We now know that it is not only direct 
solar light, but also ordinary refracted light, that produces this pheno- 
mena, which . .depends dot upon the heating or the chemical rays of the 
spectrum, but mainly upon its yellow and green rays (Draper), and that, 
moreover, the green parts of the plant alone possess the faculty of ex- 
haling oxygen after absorbing carbonic acid. Plants only exhale oxygen 
after the absorption of carbonic aciffi which is prooabl^ taken up 
through the roots from water or througpthe leaves from air. Bous- 
singault has especially drawn attention to the extraordinary rapidity 
with which the leaves abstract carbqnio acid frorh the air. The quantity 
of oxygen that is exhaled corresponds very nearly with the amount of 
carbonic acid which has been absorbed. These experiments were not, 
however, conducted with the exactness necessary to warrant us in draw- 
ing definite conclusions ; for while the volume of exhaled air was per- 
fectly equal to that of the absorbed air, there was always found in the 
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exhaled air a small quantity of nitrogen, the source of whieh could not 
be clearly ascertained. The experiments appear, at all events, to prove 
that there is always rather less oxygen developed than is contained in 
the carbonic acid, and consequently, that the entire volume of the oxy- 
gen is not returned to the air from the carbonic acid. Although a por- 
tion of this gas may pass into those organs of plants which absorb oxy- 
gen, although they ai-e not green, certain chemical and other grounds 
render it more probable that a large amount of the exhaled oxygen may 
be derived from water, and that the carbonic acid cannot therefore bo 
decomposed at once into carbon and oxygen. It would also appear, 
from the experiments of Saussuro and others, that the amount of ex- 
haled oxygen does not depend upon the mass so much as upon the ex- 
tent of surface of the green parts of plants. 

The undoubted fact that plants reverse this process during the night, 
by developing carbonic acid after they have absorbed oxygen, as is done 
during the day by those parts of a plant which are not green, led 
many physiologists to doubt whether the principal source of the carbon 
in plants was derived from the deoxidation of carbonic acid, which takes 
place in solar light ; whilst, moreover, Saussure’s experiments seemed to 
prove that at least one-twentieth of the carbon absorbed by the plants 
during this process could not be derived from the carbonic acid. It was 
believed that there must be some truth in the popular notion that the 
hunqis, that is to say, the decaying remains of vegetable and animal 
matter, serves the living plant as a highly carbonaceous nutrient sub- 
stance, at least in respect to this one-twentieth. Although it cannot be 
denied that a certain number of plants, amongst which we may reckon 
many of the parasitical plants, and all plants which are not green, can- 
not draw all their carbon from the carbonic acid of the air amd water, 
this no more proves the incorrectness of Liebig’s view than the fact that 
oxygen is exhaled in solar light by certain green infusoria, as JSvglena 
(which, moreover, contain a starch-like substance) refutes the view that 
the vital process in animals is constantly combined with an absorption 
of oxygen and an exhalation of carbonic acid. Although many plan^s 
may thrive better in a soil rich in humus than in one in which they 
merely obtain the necessary mineral nutriment, this beneficial effect 
may be owing to many other condilions besides the amount of carbon 
contained in the sbil ; for as the humus consists of substances undergoing 
decomposition, it must of itself supply an abundant source for the forma- 
tion of carbonic acid. 

Liebig refers this nocturnal development of carbonic acid to a purely 
mechanical oauSQ. It is well known that plants absorb indiscriminately 
all substances held in solution in^ater, but that they give off, either by 
their roots or through other pwts, all matters which may injure their 
vital activity; and that ajl terrestrial as well as atmospheric water con- 
tains larger or /smaller quantities of earbonic acid, which, according to 
Liebig,^ is not assimilated during the night, but is again evaporated in 
an unchanged condition through the leaves with the water. But whilst 
»• 

> Die Ohemi^ in irher Anvrendunga uf Agrioultur u. Physiologie, 6 Aufl. 1846, S. 3-2o3 
for Knglitsh translation, London, 1840, pp. 1-215]; CLcmische Briefo, 1851, S. 240 ff. u. 
029 flf. [or Letters on Chemistry, 3d edition, 1851, pp. 176 and 506]. 
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Liebig regards the development of carbonic acid as purely mechanical, 
he considers the nocturnal absorption of oxygen to be a purely chemical 
process, and shows that the variations in the quantity of the oxygen that 
is absorbed are entirely dependent on the chemical constituents of the 
leaves. Thus, for instance, leaves which are proportionally rich in sub- 
stances poor in oxygen, as for example, resinous ethereal oils, which even 
in their isolated state readily become more highly oxidized when exposed to 
the action of the air, are also found to absorb a relatively larger quantity 
of oxygen in the dark. 

A complete process of acidification during the night, as the effect of 
oxidation, is occasionally met with in the leaves of certain plants, as, 
for instance, the Cacalia fico'ides, Cotyledon calycma^ and others, which, 
after being tasteless at noon, have a bitter taste in the evening, but are 
sharply acid in the morning. 

' Pelouze has shown that tannic acid is converted into gallic and carbo- 
nic acids by the absorption of 8 atoms of oxygen (C,gH„ 0 , 2 -f 8 O— dCOj 
-j-2 C 7 H 3 O 5 . HO). We cannot wonder at the fVict observed by Saussure, 
that the leaves of the oak, which arc so rich in tannic acid, should absorb 
14 times their volume of oxyge^j during 24 hoftrs when in the dark, 
whilst the tasteless and scentless leaves of the Agave amvrieana can 
scarcely absorb 3-lOths of their volume in the same time. «Tho leaves 
of the white poplar, which contain a very resinous or oxidizable oil, 
absorb as much as 21 times their volume of oxygen in 24 hours. ^ 

Without entering more fully into the question of the respective results 
of these two reciprocally suspended processes of the vegetable kingdom, 
we would simply observe that, notwithstanding the grounds on which 
Liebig supports his view of the purely chemical nature of the absorption, 
of oxygen, this process and the sej^aration of carbonic acid, appear, 
from numerous phyto-physiological experiments, to stand in a more di- 
rect relation to the whole life of the plant; and that, in the vegetable 
kingdom, processes of o^dation also ocenf in addition to the prepondera- 
ting processes of deoxidation in the same manner as we find that, in the 
atximal organism, where life is so thoroughly characterized by continuous 
oxidation, processes of deoxidation may yet also occur, as, for instance, 
in the formation of fat from sugar and amylaceous substances. This 
is, however, so decidedly a purely jihyto-physiological question, that it 
scarcely falls withiu the scope of our inquiries. According to our view, 
Liebig has given the most striking and ingenious proofs that the vegeta- 
ble kingdom derives its largo supply of carbon from the atmosphere 
alone, and that plants alone possess the ^culty of generating organic 
matter from inorganic substances. ^ 

When we consider that the atmospheric air contains only 1-lOOOth of 
its volume of carbonic acid, it might at first sight appear as if the at- 
mosphere could not supply plants with all theii' carbon — an opinion 
which was once generally entertained ; but certain simply calculations 
made by Liebig show that, instead of believing the carbonic acid in the 
atmosphere to be insufficient for the growth of plants, we might rather 
wonder how it is that, notwithstanding the vegetable kingdom, the 
quantity of carbonic acid in the atmosphere has not been considerably 
augmented in the course of ages. The atmosphere exerts a pressure of 
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2216*16 lbs. on every square foot, and if it were as thick in all parts as 
it is at the surface of the sea, it would extend 24,655 Paris feet in 
height, or, after excluding the aqueous vapor, 22,843 feet, or 1 German 
geographical mile [about 8,100 yards]. If the radius of the earth be 
assumed at 860 such German miles, the volume of the atmosphere (at 
the pressure of an atmosphere of mean temperature) must be equal to 
9,307,600 such cubic miles, in which, in addition to 1,954,678 cubic 
miles of oxygen, there would be about 3,862*7 cubic miles, or about 28 
billions of cwts. of carbonic acid — a quantity which must be more than 
sufficient for the wants of all the vegetables occurring on the land or 
in the water of our planet. 

If, on the other hand, we consider that enormous masses of carbonic 
acid are continually being conveyed to the atmosphere from the earth’s 
surface, we cannot help wondering that it should have experienced no 
sensible increase in the amount of the carbonic acid which it contains ; 
at all events, there has been no change in it during the period that has 
elapsed since the destruction of Pompeii, in the year 70, a.d. (as is 
proved by the analyses of air which had been contained in funeral urns 
which had been excafated from that city) : whilst, on the other hand, 
geological investigations have rendered it almost certain that at some 
definite pesiod, ages since, and long before the. higher forms of animal 
life had appeared upon the earth, the atmosphere was far richer in carbo- 
nic, acid than it is now. A rough estimate of these relations yields the 
same numbers which Liebig has deduced from a more complicated calcu- 
lation. Thus, for instance, if a man daily consumes 45,000 cubic inches 
of oxygen, which would give 9505*2 cubic feet for the year, 9 billions 
and 505,200 cubic foot of oxygen will be abstracted from the atmosphere 
by a thousand millions of men ; and if, further, it bo assumed that about 
double this amount of oxygen is lost by the respiration of animals, and 
by the processes of decompq^ition and combustion, it follows that all 
the oxygen of the atmosphere would be exhausted in 800,000 years. 
This constancy in the quantities of oxygen and carbonic acid during 
1800 years would therefore be wholly inexplicable, if we did not per- 
ceive that the growth of plants furnishes the means of abstracting 
from the atmosphere the carbonic acid which has been conveyed to it, 
whilst the discovery of inexhaustrble deposits of carbonaceous vegeta- 
ble debris furnishes one of the most striking explanations of the dimi- 
nution of carbonic acid since tbo pre-adamite age. 

When plants are introduced into an atmosphere containing no oxygen, 
and care is taken that the j^ygen which they exhale by daylight is ab- 
sorbed 4^ ittm' Jfilings or otner means, they wither as rapidly as they 
would in an. atmosphere devoid of carbonic acid, "or in the dark, where 
they could not decompose the carbonic acid. These and similar experi- 
ments certainly indicate that the oxygen stands in a definite relation to 
the whole life of the plant ; and . on this account, many of the most dis- 
tinguished physiological botanists have held the view that oxygen gas is 
a true vital air to plants as well as to animals, with this difference only, 
thatfdants possess at the same time the power of generating for them- 
selves the oxygen they require (H. Mohl).* 

' TTandworterb. d, Physioloj:f?e. Bd. 4, S. 285-260 [or Henfrey’s Translation of 
Molil, On the Vegetable Cell. London, 18ri2, pp. 77-93]. 
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Liebig has shown that the humus of the fertile soil is not one of the 
humus acids of chemists, and that it cannot serve directly for the nour- 
ishment of plants, but that as it is formed by the decomposition of or- 
ganic substances, it is only by means of the products of its decomposi- 
tion, and by the carbonic acid which is formed from it, that it can supply 
plants with nourishment ; while, on the other hand, the manure pro- 
motes the growth and thriving of plants less by the quantity of nitrogen 
and carbon which it contains, than by the large amount of mineral sub- 
stances, which are equally important "to the development of plants as 
water and carbonic acid. 

We very rarely meet with fossil roots, and the plants belonging to an 
earlier world usually appertain to genera which are distinguished by the 
smallness of their roots ; the first plants whose seeds were scattered over 
the surface of the earth found no humus from which they could extract 
nourishment, but shot luxuriantly forth beneath a dense atmosphere, 
abundantly charged with carbonic acid, which yielded them copious sup- 
plies of carbon, although the sun's light, which was variously refracted 
through the denser strata of air did not fall directly upon them. Thus 
we find even now that the luxuriant plants of trojiical climates have very 
small roots ; consequently such plants can scarcely receive the adequate 
amount of nourishment from this part of the vegetable organism. 

Everywhere on the earth’s surface we find that the increase of the hu- 
mus depends upon vegetation. Plants spring forth on the naked rpek, 
which must derive their nourishment solely from the atmosphere, and 
afterwards dying and mouldering away, they serve as a support for other 
plants ; if, however, these plants absorbed for their nourishment the car- 
bon contained in the mouldering vegetable debris, vegetation would soon 
cease, and the naked rock would be again exposed to view. In the vir- 
gin forest the remains of numerous generations of plants are accumu- 
lated upon one another; each layer of plants serving in* its turn to in- 
crease these vast accumulated strata of humus. A largo quantity of 
carbon is generally abstracted year by year from cultivated woods and 
fitlds, yet this does not prevent grasses and trees from springing up un- 
changed and attaining their full growth without manure or any adventi- 
tious supplies of humus. How small a quantity of carbon is added to a 
cultivated farm by the annual amoun't of manure used on the land, and 
yet what immense masses of this substance are extracted each year in 
the form of fruits and straw, which are only again returned to the earth 
in the form of carbonic acid by the respiration of animals, and by the 
processes of combustion and decomposition ! . „ 

It cannot be denied that small quantities olf humus-lik^ 8, ubstinces may 
pass into plants, in as far as the roots indiscriminately /absoirb the sub- 
stances presented to them bttt even if the above remarks show that the 
quantity thus taken up must not be regarded as inappreciably small, the 
fact that the humus acids form with bases insoluble salts, which conse- 
quently can scarcely enter into vegetable bodies, proves further that very 
little importance can be attached to this circumstance. Moreover, humus 
which is exposed to the natural action of the weather gives ofiF a very 
small quantity of matter soluble either in water or lime-water. 

The composition of most vegetable substances shows that "water must 
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undergo decomposition in plants -during the production of organic matter ; 
for, although we meet with certain substances in the vegetable kingdom 
in which oxygen and hydrogen occur under the same relations as they 
occur in water, we find many others in which the amount of oxygen falls 
far below that of hydrogen, as, for instance, the resins and fatty oils ; 
and there occur some combinations of carburettcd hydrogen ; which are 
entirely free from oxygen, as, for instance, the ethereal oils and caout- 
chouc. A decomposition of water may also be more readily explained 
from a chemical point of view, Ahan a reduction of the carbonic acid ; 
Alexander v. Humboldt has even observed a development of hydrogen 
during the vegetation of several fungi. 

We possess very few reliable experiments from which we can ascertain 
the relations under which plants generate organic matter from water and 
carbonic acid during their exposure to the action of the sun’s light. 
According to certain observations of Saussure, a plant of Vinca minor 
generated, under definite conditions, a quantity of organic matter, in 
which there were contained 40'872 carbon. In two plants of Mentha 
aquatiea there was organic matter produced which contained 508 of 
carbon. • 

The origin of the nitrogen in plants is a subject of far more difficulty ; 
for whilst <^rbonic acid and water are conveyed to. plants from almost 
every direction and under all conditions, we are unable to detect the 
source from whence^lants derive their nitrogen. Both Saussure and 
Boussingault* have shown by the most exact and ingenious experiments, 
that plants are unable to condense free nitrogen from the atmosphere, 
and to elaborate it into organic matter ; and they regard it as probable 
that nitrogen passes into plants only in the form of soluble nitrogenous 
products of decomposition of organic matter, and more especially in the 
form of ammonia. Here again it is to Liebig that we are indebted for 
the discovery t>f the hidden sources of this important element of vege- 
table nutrition. Liebig has shown that the origin of the nitrogen must 
be referred to the direct contact of ammoniacal salts with plants, seeing 
that he found considerable' quantities of these sjilts in many vegetable 
juices. The juice of the maple, the red beet, the birch, fresh tobacco 
leaves, the tears of vines, and all blossoms and fruits, contained a cer- 
tain amount of ammonia, without there being any indication that decom- 
position had seh in. Exact calculations show that far more nitrogen is 
abstracted from well-cultivated fields than could have been conveyed to 
them by manure, or any other means. It has been-^en from experi- 
ments on- the solid excrements of animals, that ordinary solid animal 
dung, so far from containing much nitrogen, often contains mere traces 
of it, and that*^such manure is entirely inadequate to yield to plants the 
amount of, nitrogen which is found in them. Whence, then, do forest 
trees derive tWt ifitrogen, as they can never have been manured with 
animal dtmg 7 . 

Until Liebig demonstrated the fact, it was not known that a constant 
quantity of ammonia was always present in the atmosphere, and that 
rain And snow contained determinable quantities of salts of ammonia. 
There can be no doubt, however, that nitrogen is supplied to plants as 

' Ann. de ChimT et de Pbys. T. 67, p. 6, et T. 69, p. 868. 
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food in the form of salts of ammonia ; *but, on the other hand, Liebig’s 
view, that the atmosphere is the sole source from whence plants extract 
their salts of ammonia, has met with considerable opposition. Bous- 
singault and Liebig have endeavored to prove from a calculation of the 
quantities of ammonia present in rain-water, and of the annual amount 
of rain, that the ammonia extracted from the atmosphere by plants is 
quite sufficient to form those nitrogenous compounds which we discover 
in the products, of our annual harvests; and they have also drawn at- 
tention to the fact, that there are at present in the humus, in dung — in 
short, in every fruitful soil — substances, which have the power, not only 
of fixing the ammonia of the water, but also of absorbing ammoniacal 
vapor directly from the atmosphere. Bouchardat’s observation, that 
salts of ammonia exert a poisonous action upon phants, even when diluted 
1000 or 1500 times, may perhaps depend upon their unsuitable form, 
and probably upon their insufficient degree of dilution ; but it in no way 
refutes the general hypothesis that plants derive their nitrogen from am- 
monia; perhaps Mulder’s^ conjecture may also be correct, that the ammo- 
nia passes into plants in combination with organic acids, and that in this 
form it exerts no deleterious actiejn on these orgbnisiiis. It wnuld ap- 
pear from most of the experiments which have been made in reference 
to the absorption of* ammonia by plants, that the roots aCre designed for 
the assimilation of* salts of ammonia to the same extent at least as the 
green parts serve for the absorption of carbonic acid. » 

In tlie putrefaction of nitrogenous substances, there is a development 
of carbonate of ammonia from the beginning to the end of the process ; 
its great volatility causes it speedily to bo given off to the atmosphere, 
from whence it is again precipitated with the water in the form of l ain 
and snow, and is thus returned to thc*vegetable kingdom. If we assume 
that every pound of rain-water contains only half a grain of ammonia, 
there must be a sufficient quantity of this substance in the atmosphere to 
supply all the plants existing on the earth’s surface with the nitrogen re- 
quisite for their growth and perfect development. Ammonia has also 
b^n found in every kind of water occurring on the surface of the soil, in 
sea-water as well as in running springs, and has been extracted from the 
greatest depths of the earth ; as, for instance, with boracic acid from 
Castel Nuovo, Cherchiago, and othei^ volcanic districts. 

Animals, when they have ceased growing, restore to* the outer world 
nearly all the nitrogen which they take up with nitrogenous substances, 
and the very exaot determinations of Boussingault and several other 
inquirers show that the quantity of nitrogen given off from the animal 
organism^ after the termination of growth equals that whijh is introduced, 
and that the amount of nitrogen present in full-grown animals varies 
only very slightly. Ammoniacal gas is given off directly during respi- 
ration; nitrogenous matters are also far more abundant in the fluid than 
the solid excrements, and they very readily become decomposed into 
ammoniacal combinations. 

The reason of the beneficial effects of gypsum and of burnt clay as a 
manure has not hitherto been very clearly explained ; but Liebig is cer- 
tainly quite correct in referrinj^ it to the property possessi^d by th( so 

* Vorsucli ciner physiol. Chem. S 710-752 [or EngHslf translation, pp, 601-0^11]. 
voi.. II. 21 
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substances of fixing ammonia. •The gypsum undergoes decomposition 
with the carbonate of ammonia in the atmosphere, forming sulphate of 
ammonia, which does not evaporate with the same rapidity ^ the car- 
bonate. It has been long known that alumina and oxide of iron possess 
the property of absorbing ammonia. This same property of absorbing 
ammonia is observed in the case of powdered charcoal and decaying 
wood, the former of which con<lenses 98 volumes, and the latter 72 vo- 
lumes of this substance. Mulder includes amongst the substances which 
fix the ammonia in a rich soil, the five acids which he discovered in the 
humus, namely, ulmic, humic, gcic, crenic, and apocrcnic acids. These 
acids, which are formed during the decay of animal as well as vegetable 
substances, decompose, according to Mulder’s view, the carbonate of 
ammonia which is conveyed to the soil by rain, and having thus become 
soluble, are transferred, in the form of ammoniacal salts, to the roots of 
plants, where they are very rapidly decomposed (even in the extreme 
ends of the root-fibrils), and are converted into other bodies. 

Fresenius* found on an average, 0'133 parts of ammonia in a million 
parts (by weight) of air. Now, if we adopt Marchand’s estimate of 
.5,203,023,000,000,000,000 kilogrammes as the weight of the atmo- 
sphere, and if it contained in all regions equal quantities of ammonia, the 
araoutit of tjxe latter would be 2,040,404 kilogrammes. Horsford* found 
a much larger amount of ammonia than this in the atmospheric air ; the 
greatest quantity was observed in July^ when there were 47 ’03 parts in 
one million parts (by weight) of air ; the smallest quantity noted was in 
December, when there were only 1’2171 parts. It would appear from 
the observations of Horsford, that the quantity of ammonia in the atmo- 
sphere is at its maximum in the summer months, when the sources of 
ammonia are most abundant, and when it is not so frequently carried off 
by rain and snow as in winter, and it wotild seem to diminish in an 
almost constant ratio towards the winter. 

Liebig calculates that if 1 lb. of rain-water contains only half a grain 
of ammonia, an area of 2,500 square metres wdll receive in the course of 
the year with the rain (which amounts to 2,500,000 lbs.) nearly 80 Ite. 
of ammonia, or 65 lbs. of pure nitrogen. This would be far more than 
is contained in the form of glutin and albumen in 2,650 lbs. of wopd, or 
2,800 lbs. of hay, or 200 cwt. of beet-root (this being the respective 
produce of an acie of wood, of meadow, and cultivated land). 

Several nitrogenous substances which we constantly meet with in 
almost all plants, and mure especially in their seeds, contain a certain 
amount of sulphur, and in addition to these there are the highly sul- 
phurous ethereal oils, which may bo extracted by distillation with water 
from several species of the Crucifers. As the air, r%)n, and ordinary 
spring-water, contain nothing beyond the hierest traces of sulphuretted 
hydrogen^ plants mitst obtain the necessary amount of sulphur from con- 
tact witK alkaline sulphates, and especially the sulphate of ammonia. 
The sulphuric acid is then probably reduced by the same processes by 
whiah the deoxidation of the carbonic acid is effected. It is therefore 
obvious that the roots of plants are the organs through which sulphur 
is absorbed. 

• Ann. <1. Ch. u. Pharmf Bd. 64, S. 101-106. 


* Ibid. Bd. 74, p. 243. 
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Having briefly considered the nature' oF vegetable nutrient matters, 
and traced their various sources in inorganic nature, vro have next to 
direct our attention to the mode in which this inorganic material is ela- 
borated into organic matter in plants. We should, however, most as- 
suredly arrive at very incorrect conclusions, were we to attempt to explain 
the formation of organic matter in plants without at the same time 
taking into consideration their mineral constituents. When we reflect 
that no plant can exist independently of certain mineral constituents, 
and that these occur only in certain definite quantities, and that 
some bases only, such as soda or potash, lime or magnesia, occur in 
plants, — and when, finally, we observe that these mineral substances are 
accumulated in very different proportions in the various organs of plants, 
and in accordance with the different periods of their development, al- 
though they present tolerably uniform relations under similar conditions 
and in identical organs, — wo are necessarily led to the idea that these 
substances exert a definite influence upon the life of the whole plant, and 
upon the origin of its organic constituents from carbonic acid, water, and 
ammonia. 

The bases wo have enumerated .are generally f&und in the ash com- 
bined with carbonifc acid, although in the living plant they more com- 
monly occur in combination with organic acids, as neutral or* acid salts. 
Liebig, in his notide of these substances, has drawn attention to two 
much-disputed points of discussion: whether one base maybe rcplacecbby 
another in a plant, and whether the sum of the oxygen contained in the 
base is always one and the same for each species of plants. Although 
we must for the present regard these propositions as questions which 
still require a more special solution, it must be admitted that within cer- 
tain limits they would appear to derive confirmation from several esta- 
blished facts ; for although we find in the older experiments of Saussure, 
as well as in the more recent numerous analyses of vegetable ashes insti- 
tuted by Emil WoUF,* by Wiegmann and Polstorf,“ and by Staffel,* many 
facts which seem to be opposed to these general propositions, it must be 
reftieinbered that even in vegetative life a number of relations present 
themselves to our notice, whose actions on these more general laws can- 
not b(^ wholly overlooked. It may perhaps be m.aintained that these hy- 
potheses of Liebig’s have not been proved with sufficient precision ; but, 
on the other hand, the few points in which they admit of dispute are not 
of sufficient importance to warrant us in regarding them as wholly con- 
troverted. We have still so imperfbeta knowledge of the relations exist- 
ing in the nutritive process of vegetable organisms, that it is much 
less easy to establish a convincing refutation than to ,;fdduce a strict 
proof. 

In addition to alkaline carbonates, we likewise fin^ alkaline Sulphates, 
and especially alkaline phosphates, in the ashes of plants. Tbeso are 
not uniformly distributed throughout the entire plant, but are chiefly 
accumulated, as E. Wolff’s experiments have shown, in the leaves, and 
still more abundantly in the seeds. As the careful observations made 

> Joutn. f. pr. Ch, Bd. 44, S. 886-488, u. Bd. 62, S. 87-122. 

* Ueber die anorg. Bestandtheile d. Pflanzen. Braunschweig, 1842. 

• Archiv. d. Pharm. 2 B. Bd. 64, S. 26-47. ^ 
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in relation to tlicir occurrence appear to prove that a plant can scarcely 
thrive without these salts, — for although it may bear scanty blossoms, it 
never arrives at fructification, — it can scarcely be doubted that they 
constitute an essential requirement of vegetable life and are true elements 
of nutrition. 

We will here briefly notice some few facts which may serve as illus- 
trations of the above remarks. Liebig was principally led to the esta- 
blishment of these hypotheses by the following analyses of the ash of fir 
and pine wood, taken from trees which grew in various localities. Saus- 
sure found I'lSTg of ash in the wood of pine trees growing on Mont 
Breve, and 1*128{J in the same kind of wood from Mont La Salle. The 
following is the analysis of 100 parts of the ash of the pine wood of 
Mont Breve : 


Carbonate of potash, . . . 3 ‘60 ; in tho potash there were 0-4] 5 of oxygen 

“ lime, . . . 40-34; “ lime, “ 7-327 “ 

“ magnesia,. . 6-77; “ magnesia, “ 1-264 “ 

Sum of the carbonates, . . 56-71; Sum of the oxygen, . . 9-007 

< 

A hundred parts of the ash of the' pine wood from Mont La Salle 
yielded no magnesia, but gave the following result : ^ 

Carbonate of potash, . . . 7-36; in the potash there were 0-85 of oxygen. 

, “ lime, .... 61-19; “ lime “• 8-10 “ 


Sum of the carbonates, . .66-66; Sum of tho oxygen, . . 8-93 

This relation is still more strongly manifested in two ana;lyses of pine- 
ash made on French (Allevard) apd Norway pine by Berthicr, for here 
the difierence between the soluble and insoluble salts in the two ashes is 
much more considerable than commonly ocem’s. In the ash of the 
French wood, Berthicr found ; 

Potash and soda, . . . 16*8; in which there were 3-67 parts of oxygon. 

» lime, . . . 29-6 ; “ 8-36 “ 

“ magnesia, . . 3-3; “. ' 1-26 “ 


Sum of the bases, . . . 49-7; Sum of tho oxygen, 13-19 


The same observer found the following results in his examination of 
Norwegian pine : 


Potash, 

Soda, 

Lime, 

Maghesia, 


14-1 ; in which there were 2-4 parts oxygen. 
20-7; - “ 6 3 “ 

18-6; “ 8-82 “ 

48-6 ; « 1 -69 “ 


Sum of the base;, 


62^76 ; Sum of the oxygen, 18-21 


We must abstract from the oxygen of the bases in the first analysis 
0‘63 parts, and from that of the second analysis 0*79 parts, which 
belong to the bases which are .combined with sulphuric and phosphoric 
acidS; so that there would be 12‘66 parts of oxygen for the first, and 
12'42 for the second determination of oxygen. 

Tho idea that these equal quantities of oxygen indicate that there arc 
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equal quantities of acid to be saturated in the fresh plant, seems so ob- 
vious that its correctness might have been d 'priori suspected. At the 
same time, it was to be expected that this proposition would, under vary- 
ing circumstances, be open to numerous exceptions, and that the direct 
results of the ash-analyses would rarely so accurately coincide as in the 
instances we have recorded. It is not, however, solely on account of 
their basic character that these alkalies and earths are necessary for 
certain plants ; for we know, for instance, that in very matiy plants the 
potash at all events cannot be thoroughly replaced by soda ; thus, for 
example, scarcely a trace of soda can be found in the ash of the horse- 
chestnut, even when a tree has gi’own in a soil in which this alkali abounds 
(E. Wolff, Staffel). The salts of soda are indeed absorbed in such cases, 
like other substances which arc unsuited to the nutriment of the plant, 
but they are then speedily excreted, and principally by the roots. 

We find in the ash of many plants, amongst others in that of the 
Cacti, that there is a much larger amount of carbonate of lime, and 
therefore a higher number for the oxygen of the bases, than corresponds 
to the true nutrient process of the plants. The carbonate of lime is 
here in part pi’oduced from the cycalatc of lime, Which is frequently de- 
posited in the cells in a crystalline form, either as dead matter .or as an 
excretion. Carbonate of lime is also deposited in a similar’ manner in 
many plants. 

An exception to this rule, which may, however, be regarded as a p^oof 
of the correctness of the main proposition, is furnished by Liebig’s dis- 
covery of the frequent occurrence of vegetable bases under relations in 
wliich the plant could not be supplied with any abundant amount of 
mineral constituents. Liebig draws attention to the fact that the quan- 
tities of the alkaloids found in cinchona bark, opium, and the potato 
plant, are always large in an inverse ratio to the small amount of mine- 
ral bases which they contain. 

However restricted may bo the sense in which we interpret many of 
Liebig’s propositions, it is most clearly apparent, from all exact examina- 
tiens of vegetable ashes, as well as from the careful observations of the 
infiuence of individual salts as manures, that the alkaline carbonates and 
their jibosphates are of tho highest importance in the different processes 
in the life of plants. It would carfy us too fair from the scope of our 
inquiries, were we to enumerate all the facts relating t(/this subject, with 
which we have been long acquainted ; and we will therefore content our- 
selves with referring to some few of the results which have been obtained 
from E. Wolff’s admirable investigation of the mineral constituents of 
the horse-chestnut. The carbonate of lime predominate^ in the bark and 
in the wood, whilst the fruit and leaves contain far more cafrbonate of 
potash than the bark and wood. Phosphoric acid is most abundant in 
the flower-stalks and kernels, whilst sulphuric acid* and silica predomi- 
nate in the leaves. In the horse-cheStnut, very simple ratios exist between 
the quantities of oxygen in the bases combined with carbonic acid in the 
different parts of the plant (the carbonate being calculated for 100). 
The quantity of oxygen in 100 parts of the' alkaline carbonate from the 
ash of the bark amounted to 27, that from the wood and leaves to, 24, 
that from the leaf-stalks and brown husks of the ripe fruits to 21, and 
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that from all the other parts of the plant which* were examined to 18, 
which corresponds with the simple arithmetical progression of 9 : 8 : 7 : 6. 
Wolff found that the ratio between the soluble and the insoluble consti- 
tuents was very simple in all parts ; thus, for instance, it was as 4 : 6 in 
the fluid circulating between the wood and the bark, and the same in the 
leaves, while on the other hand it was as 3 : 7 in the newly-formed wood, 
and as 6 : 4 in the leaf-stalks, while in the flower-stalks it was as 2 : 9, 
and in the interior of the kernels of the ripe fruit 2:7. Of all the 
mineral substances, sulphate of potash predominated in the loaves, and 
this was more especially the case in the spring, at the season of blossom- 
ing, whilst at the same period the juice of the bark and wood contained 
no trace of sulphuric acid. The ash of the leaves was very rich in in- 
soluble phosphates, whilst that of the blossoms and fruit contained a 
larger amount of the soluble phosphates. 

It is quite unnecessary to enter more fully into the question of the 
influence exerted by > the alkaline and earthy carbonates, sulphates, and 
phosphates, upon the growth of plants as manure, for this is a point 
which has been sufficiently proved by innumerable experiments, con- 
ducted both on a large and a small scale. 

Now (that we have acquainted ourselves with the different substances 
which contribute toward the nutrition of plants, and have discovered that 
they consist of a few very simple combinations, derived from inorganic 
nat.ure, the question almost irresistibly forces itself vpon our notice, how 
the vegetable organism is able, frojn these few substances, to generate 
such an endless diversity of organic bodies f But this, xmfortunately, 
is a subject which admits of little ihore than mere conjectu»B. In con- 
formity with the principles which we have adopted in this work of avoid- 
ing all diffuse discussion of subjective views, and carefully abstaining from 
useless hypotheses, we can only permit ourselves to examine some few 
of those conjectures, regarding the formation of organic matter in the 
vegetable kingdom, which admit of being referred to definite experi- 
mental facts. The number of such facts, however, is “very email, 
notwithstanding the many lal&orious researches which have been miMe 
in relation to this subject by some of our most distinguished inquirers. 
Our general remarks on the study of the vital processes hold good 
in a higher degree fdr the processes connected with the formation 
of matter in the'^egetable kingdom ; for although we possess some few 
good isolated observations, we are entirely deficient in quantitative deter- 
minations, without which we can make no certain progress in knowledge 
of the organic, world. We are even ignorant of the relation existing 
between the carbonic acid which enters into the green parts of plants in 
solar light -and tho oxygen which is simultaneously given off. Yet how 
can we ''attem.pt to establish an hypothesis in reference to this process, 
before we have in s6me measure determined the numerical relations of 
the concurring substances? Very* few numerical results have been 
obliged in phyto-chemistry, excepting some scanty determination of 
Satusure, from which it would seem probable that about 2 parts -of 
orgahio matter are formed in sunlight for every 1 part of absorbed car- 
boy. Were we even able, chemically, to trace the qualitative and quan- 
titative relations of the different substances in the order in which they 
originate in the plant, we should find that our very imperfect knowledge 
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of the molecular forces, which play so important a part in organic pro- 
cesses, would prove very unfavoi^able to the comprehension of the che- 
mical history of the gradual development of organic matter from such 
simple substances as carbonic acid, water, and ammonia. Whilst, on the 
one hand, the great simplicity observable in the more delicate structure 
of plants, and the constant occurrences of certain substances such as 
organic acids, the so-called carUb-hydrates, and albuminous matters in 
all plants’, without exception, seem to aflFord an explanation of certain 
phenomena ; the endless variety of those secondary products, which are 
peculiar to almost every plant, throws such obstacles in the way of our 
inquiries that we can scarcely hope to give even a hypothetical represen- 
tation of the formation of organic matter within the plant. 

The entire vegetable organism is scarcely anything more than a sys- 
tem of cells, within which various substances are undergoing metamor- 
phoses, and organic matter is passing through the earliest stages of its 
formation. The ammonia which penetrates into the roots, combined with 
sulphuric or carbonic acid, according to Liebig, or with humic acid, 
according to Mulder, must have passed through the cells of the fibrils of 
the roots. The decomposition of .carbonic acid cdlh only take place within 
the green cells of the plant, for the most torn leaf may continue to exer- 
cise the function ofi absorbing carbonic acid and giving off ©xygen ; but 
when once its cells are crushed or otherwise destroyed, this vital pro- 
cess ceases. Hence we are led to conclude, that in the cell-mertibvane, 
or, in other words, in the morphological relations of the cell, there is as 
important an agent for this process of metamorphosis as in the chemical 
character of the cell-contents. We have already frequently remarked 
that our present knowledge of endosmosis and diffusion is not sufficient 
to lead us to the correct interpretation of vital processes. Discoveries 
such as Graham’s, that the chemical union of certain substances may be 
broken'by simple diffusion, lead us to anticipate that many obscure points 
connected with these vital processes may be elucidated, and that we may 
at length be enabled to determine with^some degree of accuracy, the 
results which would be produced by bringing heterogeneous matters in 
contact with a cell of certain dimensions, definite thickness of the cell- 
membrane, known contents, &c. At present we are only able to con- 
jecture in the most general maniier the mode in which certain physical 
and chemical ’processes are effected by the agency df cells. We are 
especially indebted to Mulder^ for pointing out the various modes in 
which cell -formations may possibly contribute towards the vital economy 
of th| plant. 

We next pass to the consideration of the formation of those non-nitro- 
genous s'ubstaneesy which are common to all plants, and are especially - 
characterized by containing, in addition to carbon, hydrogen anil oxygen 
in the same proportiop as they exist in water, and which have, therefore, 
received the irrational designation of carbo-hydrates. The first origin 
of these substances, which wo meet with in their more advanced stages 
of development as dextrin, sugar, stareh, and cellulose, has, with appa- 
rent correctness, been referred to the decomposition of carbonic acid 
under the influence of light. The opinion can scarcely be maintained in 

' Vers, einer physiol. Chem. S. 781-791 [or English translation, pp. 71C-725]. 
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these (lays that the carbonic acid in the green cells of the plant is instan> 
taneously decomposed, and that the separated carbon combines with 
undecoiiiposed water to form dextrin, or sugar. Unless we have recourse 
to the direct intervention of a vital principle, or to some metabolic force 
of the cell, we must admit it to be highly improbable that the bonds 
which hold the oxygen and carbon in close combination should bo sud- 
denly rent asunder. As we are still* very ignorant of the proportion 
existing between the absorbed carbonic acid and the exhaled oxygen, wc 
can only regard the view as tenable in very general terms, that a decom- 
position of water is associated with a partial deoxidation of the carbonic 
acid. Liebig has Indicated the special grounds which support the view, 
that the decomposition of water exerts an influence on the separation of 
oxygen during the action of solar light upon the leaves. Liebig’s opinion 
that these organic acids which we meet with in various quantities in all 
plants, as oxalic, tartaric, citric, and malic acids, may be originally 
formed by the simultaneous decomposition of water and carbonic acid, 
gains a certain amount of probability from the confirmation or explana- 
tion which it furnishes in relation to several other facts. This hypothe- 
sis derives special support from the faej, that the alkalies occur in accu- 
r.atcly limited quantities in plants, and especially in their green parts ; 
for if only a definite quantity of certiiin bases is necessary to the life of 
the plant, we may readily understand that they will i'a the first place be 
employed for the saturation of the acids, and that when the acid by sub- 
sequent forces has been convcrto(^ into dextrin, sugar, or other indif- 
ferent matters, the same amount of bases may again serve for the satu- 
1‘ation of newly-formed acid ; and it may even bo assumed that the alkali 
itself contributes towards the metamorphosis of the acid into these indif- 
ferent substances. We should fin'd no lack of attempted explanations 
drawn from analogies of better known chemical processes, were we to 
advance further into the domain of pure hypothesis ; but it must be borne 
in mind, in endeavoring to support such conjectures, that this process of 
deoxidation extends its activity beyond the final generation of dextrin 
and similar neutral carbo-hydfates. 

In addition to these substances, we find many which are widely distri- 
buted in the vegetable kingdom, and contain far less oxygen than the 
carbo-hydrates ; as, for instance, the oleaginous fats, wax, and resins, and 
several which are entirely without oxygen, that is to say, a large number 
of ethereal oils, caoutchouc, &c. When, moreover, we perceive that 
oxygen is given ofiF, whilst carbonic acid is taken up, it would seem as if 
the developed oxygen were the combined result of the <|uantities of the 
gas yielded by several very different substances. Several phyto-p'hysio- 
logical facts seen! to indicate that the vegetable fats and wax are espe- 
cially generated from the carbo-hydrate known as starch, whilst daily 
experience proves that those etherAtl oils, which are either deficient in 
oxygen or entirely without that subrtance, can only be produced under 
the prolonged action, of solar, lightt >ft is, therefore, not only not im- 
possible, but oven in aome degree.^l^bable, that a number of different 
proedssea of deoxidation which e:^nd to substances which have pre- 
viously been more or less freed from oxygen, are simultaneously called 
into activity under the influence of solar light. Do differently consti- 
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tuted cells co-operate in these various reductions ? Is it only one, or 
are there several matters which, under the influence of light, effect the 
elimination of oxygen from highly oxygenous substances ? These, and 
numerous other questions of a similar nature, force themselves upon our 
notice, but, unfortunately, in the present state of ouV knowledge, they 
do not admit of satisfactory replies. 

In considering the processes of deoxidation, which are connected with 
the life and growth of plants, we should bear in mind that some in- 
stances may occur in which the deoxidation is accompanied by a develop- 
ment of carbonic acid instead of a separation of oxygen. Liebig long 
since noticed during the prosecution of his experiments on fermentation, 
putrefaction, and decomposition, that oxygen ivas taken up by the 
organic substances during some of these processes of decomposition, and 
that then several atomic groups of carbonic acid were liberated from 
this combination. It depends entirely upon the relations existing 
between the oxygen that is absorbed and the carbonic acid which is 
developed, whether the remaining substance is richer or poorer in 
oxygen than the original body. If tlie volume of oxygen wliich 
is added be less than that of^ the carbonic itcid which is evolved, 
the remaining organic body will be less oxidized, and will* therefore ap- 
pear as if it were deoxidized, exhibiting a decided process Qj[‘ reduction, 
notwithstanding the absorption of oxygen. Liebig made observations 
of this nature on the formation of carbo-hydrates from organic- acjds ; 
if, for instance, 6 equivalents of oxygen, bo added to 0 equivalents of 
tartaric acid, and if 12 equivalents of carbonic acid are develoj)ed there- 
from, we obtain grape sugar, which is relatively much poorer in oxygen 
(0 C4H2O5-I 6 O — 12 002=012^12^12)* ^bareh might bo similarly formed 
from tannic acid (C,yn^.Oi^+^ O *f IHO — 6 CO2" CigHjoOi,,). If more 
complete observations and experiments should enable us to prove that 
this kind of deoxidizing process has a more general application in the 
vital economy of plants, many points might be explained which still 
present considerable obscurity ; we might thus comprehend why, not- 
w*ithstanding the reversed interchange of ^ases wliich* takes place during 
the night, organic motion pursues its undisturbed course after the resto- 
ration of the less oxidized matters ; that is to say, why the evolution of 
oxygen during the day is not exactly balanced by the nocturnal absorp- 
tion of that gas. We need then lio longer wonder that ^ plant may drag 
on a miserable existence in an inclosed space, since it generates for itself 
through the day the oxygen necessary for it during the night, and, con- 
versely, exhales the carbonic acid during the night, which is again to 
serve for its nutrition through the day. This circulation of the oxygen 
is only apparent, for the oxygen which has been separated from its com- 
bination with *carbon during the day, serves in the night to extract a 
larger amount of oxygen, togeth^ with some of the carbon of the 
organized matter. Thus we see by Erdmann’s admirable- experiments 
on Tradescaiitia discolor^ that a plWt may continue for years to vege- 
tate in an unhealthy condition, althpti^h without entirely dying, when 
placed in a hermetically closed vessoL The death of some few leaves or 
stalks serves in these cases merely to prolong the life of the plant, and 
to promote the formation of new buds. The air within the inclosed 
space where such plants had for a long time vegetated, would at length 



330 


ORIGIN OP ORGANIC MATTER 


become very rich in oxygen, if the above-mentioned parts, which die off, 
did not contribute by their decomposition to supply the new buds with 
carbon in the form of carbonic acid. If the nocturnal interchange of 
gases in plants depends upon the process to which we have hero referred, 
the necessity of oxygen for the life of the plant wouM be obvious, and 
we should have a simple explanation of those experiments in which plants 
are found to vegetate in a non-oxygenous air only so long as the oxygen 
which is exhaled by day is suffered to remain in the atmosphere sur- 
rounding the plant, and is not removed by the agency of chemical 
means. 

It still remains for us to notice an hypothesis advanced by Mulder in 
explanation of the process of deoxidation in plants, as it leads us to 
the consideration of a point to which we have scarcely made a distant 
allusion in the above-mentioned hypotheses. As the property of absorb- 
ing carbonic acid and of exhaling oxygen is limited to the green parts of 
a plant, the idea naturally presents itself that the chlorophyll on which 
this color depends plays a very important part in this process of reduc- 
tion ; although we are unable to decide, from the facts before us, whether 
the chlorophyll acts ih the manner of» a ferment or whether this inter- 
change of gases is dependent upon the formation of the chlorophyll 
from . bodieo richer in oxygen. Mulder has advrtiiced the following 
hypothesis, which presents considerable plausibility. According 
to bis view, new chlorophyll is always being formed under the influ- 
ence of light, whilst the more* richly oxygenous starch is simultaneously 
converted into wax, which is poorer in oxygen, wax being, as is well 
linown, constantly present, together with the chlorophyll. On the other 
hand, microscopical observations of the development of cells and their 
contents render it very probable that granules of starch are gradually 
converted into globules of chorophyll, wbiob are rich in wax. Mulder 
sflpposes that the oxygen which is developed during the formation of 
wax from starch goes partly to the colorless chlorophyll, to convert it 
into the green variety, and tjjat js partly given off, in a free state, to 
the surrounding atmosphere. Draper is more disposed to regard chloro- 
phyll as a ferment, and he urges, as a proof of the decomposition of the 
(nitrogenous) chlorophyll, the above-mentioned fact that plants always 
develop some nitrogen in addition to the oxygen which they give off in 
solar light. 

The nitrogenous compounds generally, and more especially those 
which are included under the terra protein-bodies, play no less important 
a part in the life of plants than in that of animals ; and there is no 
living cell in tije plant which do«s not contain albuminous substances, 
either in the primordial utricle, or in some other form. Wherever . the 
vital activity of the plant is most powerfully developed, the cells are found 
to be most richly endowed- y^ith these substances ; as, for instance, in 
the fibrils of the roots, as well as in the flower and leaf-buds, in the 
pollen granules, in the embryonic Slic, and more especially in the seeds. 
Although these local relations sufliciently indicate the importance' of 
the# snbstanqgs, they do not afford the slightest explanation of their 
mode of origin. Mulder does, indeed, conjecture, from the more abun- 
dant occurrence of these substances in the cells at the apices ofithe roots, 
that they are formed here from the ammoniacal compounds of the 
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humus acids (as they are conversely decomposed into these acids and 
ammonia by the action of concentrated hydrochloric acid) ; but even if 
it be granted that the ammoniacal salts reach the plant only or princi- 
pally through the roots, and if, further, it be shown that many of these 
absorbed substances undergo chemical metamorphoses in the fibrils of 
the roots, the frequent occurrence of ammoniacal salts in the rising sap 
of the plant seems rather to prove that fheir metamorphosis must be 
effected at some other point. It is not improbable that the protein- 
bodies are principally formed wherever the process of reduction is most 
practicable, as, for instance, in the leaves. On the one hand, wo know 
that all protein-bodies, and especially those obtained from the vegetable 
kingdom, contain a considerable quantity of sulphur ; and, on the other 
hand, we learn from E. Wolff’s*' carefully conducted ash-analyses of the 
different component parts of plants, that the sulphates, as already ob- 
served, are accumulated in early spring in the buds and leaves, whilst 
they disappeared from all other parts of the plant ; and that the quantity 
in which they occur in these parts is too large to admit of the supposi- 
tion that they are derived from the protein-substances already present in 
the leaves ; we are, therefore, naturally led to thh idea that the 8ulp»hatcs 
must be already accumulated in the leaves at a very early period, and 
that they undergo Dnly a gradual reduction in order to be oipplied to the 
formation of albuminous substances in proportion to the quantity of 
ammonia with which the plant is supplied. We can hardly refes the 
deoxidation of the sulphates to any part of the plant except the leaves, 
and, on this account, we may assume that these organs afford the final 
stimulus required for the complete development of these salts. If 
it would not be carrying us too far into the region of conjecture, wo 
might hazard the remark that as the alkaline carbonates contribute to 
the formation of non-nitrogenous bodies, the sulphates and phos- 
phates may also take ah important share in the formation of protein- 
bodies, such a conjecture deriving plausibility from the simultaneous 
occurrence of phosphates in all those vegetable organs which are rich in 
iffotein-bodies, and from the generally recognized Importance of the 
phosphates in reference to the life of the plant. 

Although there may be innumerable possible modes by which ammonia 
may be converted by the co-operation of other organic matters into albu- 
men and vegetable gluten, we have not even the fainte'st support to offer 
in favor of any one or other of these hypotheses. The disappearance 
of ammonia, as such, from a compound, and its complete resolution into 
a new non-saline body, are familiar to the chemist, who — ^besides the 
metamorphosis of formate of ammoijfia into prussic aeijj and of cyanate 
of ammonia into urea — besides the formation of pigments ftom ammonia 
and orcine, pElorrhizine, hsematoxyline, or erythrine^ — and besides the for- 
mation of alkaloids, according to Wurtz or'IIgSinann — would call to mind 
innumerable instances in which the ammonia more or less lost its origi- 
nal character and assisted in forming new antf^very complex bodies, water 
being at the same time produced. But notwithstanding this pliability 
of ammonia, which enables it to incorporate itself with ;^1 forms of or- 
ganic groups, we are whoMy deficient in the facts necessary to afford spe- 

' JoTirn. f. pr. Chem. Bd. 61, S. 1-82. 
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cial proof of the formation of a nitrogenous substance in the living vege* 
table organism. 

When we have seen Dumas’s beautiful idea, that organic nature gene- 
rates its own elements, confirmed by the most recent investigations in 
the domain of theoretical chemistry, and now that we, may look forward 
to the attainment of a more profound knowledge of the arrangement of 
organic atoms and of the infernal connection of the endless number of 
organic bodies, through the brilliant discoveries of Kolbe, Hofimann, 
Wurtz, Laurent, and others, and when, finally, the ingenious experi- 
ments of Liebig on fermentation and decomposition, on putrefaction, dry 
distillation, and other processes of decomposition, have enabled us to 
gain a deeper insight into the forms of the gradual regression of organic 
matter, — we may fairly hope that the time is not far distant when we 
may be enabled to trace the order of arrangement in which organic mat- 
ter becomes fully developed. Then, too, we might hope to acquire a 
more intimate acquaintance with the requirements and circumstances 
under which the simpler molecules arc accumulated and arranged into 
more complex atoms, until we might perhaps be enabled to form to our- 
selves as correct an ideal representation of the mode of origin of organic 
matter as we possess in reference to geological processes. But although 
the chemist ^uay with pride refer to the great con(j[uest3 he has achieved in 
science during the last ten years, much yet remains to be done beyond 
whaj qualitative chemical experiments or even the most perfect theory 
of organic chemistry can supply ; for notwithstanding the brilliant re- 
sults attained in the science of phyiotomy and phyto^physiology, we are 
still entirely deficient in exact experiments on the individual processes of 
vegetative life, we require a more perfect method of quantitative chemi- 
cal finalysis than we now possess, ’and we need scarcely make further 
allusion to our ignorance of the conditions and circumstances under 
which other molecular forces besides chemical affinity influence the me- 
tamorphosis and formation of matter in the vegetable kingdom. Yet 
notwithstanding the distance at which the aim of our inquiries presents 
itself to our notice^? we are convinced that the time will soon arrive when 
that vital force, to which many have ascribed, together with chemical 
phenomena, an active participation in vegetable life, will be thoroughly 
eliminated, and when it will be finally laid aside, never again to become 
the simject of scientific consideration. 


GENERAL REVIOT OF THE, MOLECULAR MOTIONS IN 

ANIMAX ORGANISM. 

We have already (in the first volume) considered the material substrata 
of animal life, in as far as they 'can be separated by chemical means 
from the diversified group of substances which combine to form animal 
bodids, and can be tested and accurately determined by chemical re- 
agents. We also endeavored in the same portion of our work to estimate 
the value of each separate substance for animal life generally, as well as 



INTRODUCTORY RKMARKS. 


388 


for the special purposes of life, after having considered its origin and 
ultimate disposition in the living organism, and indicated the position 
•which it is entitled by its physiological importance to occupy amid this 
great number of chemical agents. It therefore only remains for us to 
notice in more general and more comprehensive terms the reciprocal 
actions of these individual parts during the ytal activity of the organism, 
and their arrangement into a system of masses, constantly acting upon 
one another and inducing definite results. 

In the first volume we turned our attention to the animal juices, 
which from their mobile and fluid nature have been regarded by many 
as the essence and seat of all vital activity. In endeavoring to trace 
the intimate relations existing between these mutually allied substances 
from a chemical as well as a physical point of view, we were necessarily 
led to the consideration of the continuous metamorphosis which they had 
undergone during life, and of the causal connection of those phenomena 
which seemed to correspond with definite purposes in the living organism. 
It only remains, therefore, for us to take a collective and general view 
of the mutual relations in which the different juices stand to one another, 
the interchange of their constitu*nts, and the dependence of the changes 
of any one upon another, or upon all the others, and thus to arrive at a 
general conclusion "regarding those processes known as the metamor- 
phosis of animal matter. 

Finally, in this, the second volume, Ave have treated of the mechasical 
and chemical relations of the masses, which are consolidated into cells, 
fibres, and’ membranes, as far as this is possible in the present very im- 
perfect state of our knowledge ; and in these structures wo have recog- 
nized not merely the hollow skelcton^or framework between the parts of 
which the separate cuiTents of these fluid masses move and circulate in 
uninterrupted motion in order to satisfy the different requirements of 
life, but we have also discovered in them the apparatus by ‘w’hich the 
most intense and peculiar actions of the animal organism are manifested. 

Many^ might be led at first sight to suppose that wq had accumulated 
a*8ufBcicnt mass of materials from all directions to enable us to gain 
a deeper insight into the vital phenomena of animal life, or at all events 
to delineate in few but characteristic outlines the chemistry of the 
animal organism ; but the more deeply we penetrate into the obapurity 
of the metamorphosis of animal matter, and the more carefully we 
investigate the materials in our hands, the more plainly do we perceive 
the deficiencies with which avc have to contend. We have already 
frequently taken occasion to notice how little aid we had derived 
from previous scientific investigatioRs in establishing, general conclu- 
sions regarding any special grojup pf animal molqenlar motions. It is 
therefore wholly unnecessary to enlarge upon theqe deficiencies, which 
we have already noticed in detail in the ftiethodological introduction to 
the first volume (see vol. i. p. 22). We shall certainly not exceed the 
bounds of truth, if we maintain that Wo are still entirely deficient in 
the very first principles necessary for a scientific treatment of the theory 
of the metamorphosis of matter in the animal organism. It is merely to 
clear ourselves from the imputation of exaggeration or the love of para- 
dox in establishing this proposition, that we again refer to those points 
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which we noticed under the head of Exudations (p. 273), and again in 
treating of the molecular forces which are active in the animal body (pp. 
303-307), where the lamentable condition of our positive knowledge is 
too plainly showed. Qualitative analysis fails us when we attempt to 
investigate the different stages of transition and metamorphosis of the 
most essential substrata of the tissues in a state of change, whilst the 
extractive matters, in the abfence of any rational explanation, have re- 
ceived the most various interpretations, in accordance with the imagina- 
tive ideas formed in reference to thorn by different observers. We have 
more than once admitted our fear that there is no speedy prospect of 
any great advance in qualitative chemical analysis, notwithstanding the 
light which various departments of this branch of science have derived 
from the genius of Liebig ; and wo have, on the contrary, expressed our 
conviction that it required numerous and more carefully conducted esti- 
mates of tho quantitative relations of the constituents of the different 
animal juices, before the mechanical metamorphosis of matter could be 
placed on a sufficiently secure foundation to admit of, our studying its 
chemical nature. We observed, in conclusion, that even the most exact 
measurements of tho masses and velocities of the molecular movements 
of matter, in which vital activity is manifested, did not enable us to 
attain to a truly scientific theory of the mctamorphosvs of matter as long 
as we were constantly surprised by now and unexpected observations on 
the action of the molecular forces. Even if we had mastered all the 
elements of this inductive inquiry, and could trace the mechanical and 
chemical features of the metamorphosis of matter, we should still be 
unable to comprehend the internal conhection of the individual links of 
this great chain of phenomena — we should be unable to master the causal 
dependence existing between the different factors of vital motions — ^in 
short, we should be unable to give a scientific explanation of the mecha- 
nico-chemical processes in the living organism, until we had acquainted 
ourselves with the yet unknown laws of molecular forces. 

Before we attempt to take a general review of tho molecular move- 
ments in the animal organism, we think it will be expedient to add to 
the above remarks upon the formation of organic matter in the vege- 
table kingdom, a comparison between the action of these forces in the 
two ^ipat divisions of living bodies— ^tho vegetable and animal kingdoms. 
A comparison of ‘this kind has frequently been attempted and carried 
out with more or less success, and pains have been taken to trace through 
their minutest modifications the differences presented by the specific me- 
thods of combination occurring in the two kingdoms, and the peculiar 
results of the individual forces manifested in these different spheres ; but 
an exaggerated zeal for sharply-defined distinctions of objects has fre- 
quently led to assertions which have rather tended to retard than advance 
the course of investigation. It almost seems like a satire upon Liebig’s 
thoughtful researches, when we find the distinctions between the two- 
kingftoHis of nature laid down in such a manner as the following : — “ The 
plant generates neutral non-nitrogenous bodies, such as fats, sugar, 
starcli, gum ; decoi^poses carbonic acid, water, and salts of ammo- 
nia ; developes oxygen ; absorbs heat and electricity ; is an apparatus of 
reduction^ and is immovable. The animal consumes neutral-nitrogenous 
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bodies, such as fats, starch, sugar, and gum ; generates carbonic acid, 
water, and salts of ammonia ; absorbs oxygen ; developes heat and elec- 
tricity ; is an apparatus of oxidation^ and is movable.^' But nature will 
not be restricted within such narrow bounds, and in the teeming richness of 
her forms and phenomena, she speedily burst the bonds with which the 
human intellect capriciously attempts to restrain her. 

Many of these distinctions are applicablS when considered on^ in 
their most general bearings. The idea of a perpetual circulation in 
nature is most forcibly expressed in these two series. It is undoubtedly 
true that the organic matter which is generated in tihe vegetable king- 
dom is for the most part again destroyed in animals, but the idea that 
animals consume only protein-bodies, fats, q.nd carbo-hydrates, and can- 
not also in part generate them, is an assumption which pa^ly is fiilse, 
and partly does not admit of proof. No one can any longer doubt that 
the animal body possesses the power of forming fiit from other*matters, 
such as protein-bodies or carbo-hydrates (see vol. i. p. 229). It yet re- 
mains an open qjjestion whether protein-substances may not also bo 
generated in the animal organism under certain conditions, although 
it is most probable that such jsubstances canhot be generated in 
the animal body (vol. i. p. 309). If we except the lower animals, we 
certainly are compelled to deny that the animal organism possesses the 
property of formirfg starch and cellulose ; but sugar and dextrin arc 
constantly generated within the bodies of the herbivora during digestion 
by the action of the saliva and pancreatic juice on the other carbo- 
hydrates (see vol. i. pp. 430—505) ; and even in . the bodies of the 
carnivora the liver has been recognized as a seat of the formation of 
sugar, which most probably is solely produced from the metamorphosis 
of nitrogenous substances (vol. i. p. 483), as I have recently proved by 
careful observations.^ We must remember too what a number of sub- 
stances are formed in the animal body which never occur in the vegetable 
kingdom. It has indeed been stated that these substances are only the 
products of a process of oxidation ; but* what an essential difference there 
is ^between xanthine or uric acid, and their homologues, theine and theo- 
bromine ! and who could determine, on seeing taurine or cystine, whether 
it were derived from the vegetable or the animal kingdom, if he were 
ignorant of the origin of these substahees ? Those complex subst^|pces, 
the biliary acids, have no analogues in the vegetable khigdom, nor can 
we deny to the animal organism generally the property of generating 
new organic matters witliin itself ; but in this respect the animal organ- 
ism is very much in the same condition as the chemist in his laboratory ; 
both require, for the most part at least, ready-foi^med jrganic matter, 
from which to generate new substances foreign to, but analogous with 
the products of the vegetable kingdom. As many of the excreted mat- 
ters of the animal body contain somewhat comploi atoms of organic 
matter, the proposition that animals give oflF to the external world car- 
bonic acid, water, and ammonia, is only half true: for although we re- 
gard the urine collectively as an ammoniacal salt, and even take the same 
view regarding the taurine of the solid excrements — and although, fur- 
ther, we comprise under the same head, and as of equal value with the 
carbonic acid and water, the formic, butyric, acetic, and caproic acids of 
* Ber. d. k. sachs. Gos d. Wiss. zu Leipzig, 1851, S. 130-164. 
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the sweat — it yet cannot be denied that men and animals daily give off 
directly to the external world no inconsiderable amount of protein-bodies; 
since the solid excrements are never free from mucus, and since the des- 
quamation of the epithelium and the abrasion of other horny tissues occa- 
sion a loss in these complex bodies, the amount of which may even be 
ascertained by moderately careful investigations. 

It js also perfectly true that the vegetable cell, which is capable of 
overpowering the strongest chemical combinations, eliminates oxygen 
from the atmospheric ingredients, carbonic acid and water, and is able 
to fix the indifferent^ substance, nitrogen, whilst the animal germ can only 
be developed by the co-operation of atmospheric oxygen. It cannot be 
denied that the separation of oxygen in the vegetable organism consti- 
tutes one of ^le principal momenta of chemico-vital activity, and that a 
progressive motion is induced in the chemical molecules by the action of 
the vegetable cell, the object of which is to separate the oxygen as far 
as possible, and to reftore the most complicated radicals (the most per- 
fect organic matter), whilst the animal organism bor^ow^s this matter 
from the plant for the purpose of finding a main support for the most 
important animal functions in the regunssive motion which the oxygen 
generates in the oxidizable matters. Hence it is true that oxygen is 
the excitor<of animal life ; through its agency the primary mucus of the 
plasma becomes converted into a cell, the cell is developed into fibre, 
aiuh animal matter into the animal. 

Yet however much truth may attach itself to such abstract asser- 
tions, wo always find in association with the truth the germs of many 
errors. In treating of the formation l^f organic matter in the vegetable 
kingdom (p. 317), we noticed the concurrence of several processes of 
oxidation with the deoxidation ghiiig on in the plant ; in like manner 
we also find in the animal organism, in addition to the oxidation in the 
blood of the capillaries, numerous processes of reduction, scarcely less 
intense than those which we meet with in plants ; thus, for instance, in 
the primm vim we have seen that substances, such as sulphates, which 
recpiire the most powerful agents for their reduction, were completSly 
deprived of their oxygen (sec vol. i. p. 899) ; that the oxides of iron and 
mercury, and similar substances, were deoxidized in the intestine ; whilst 
wc elsewhere drew’ attention to the' fact that the fats and lipoids, which 
arc first formed \n the animal body, can only be produced by a process 
of deoxidation. Even if we assume that oleic and margaric acids are 
formed from starch or sugar by such a process of cleavage as that by 
which aleohol is generated fr6in sugar {so that reduction is only an ap- 
parent one, simje the body is simply decomposed into one richer in%)xy- 
gen, namely, carbonic acid, and into one poorer in oxygen, as alcohol, 
fusel oil, margarin, or olein); yet stearic acid, which is very rarely taken 
up by animals in vegetable food (hitherto it has only been found in 
cacao-butter), must be formed by a direct process of deoxidation, as both 
its composition and its chemical qualities show that it can only be re- 
gar&cd as a lower stage of the oxidation of the radical or margaric 
acidf Nor can w e assume that a substance so poor in oxygen as choles- 
terin, which so readily accumulates in the stagnant fluids of the animal 
body, can be formed from the simple decomposition of some orgjinic 
matter. The oxidizijig force of the animal organism is bounded tole- 
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rably narrow limits ; sulphide of potassium, when present in sufficient 
quantities, passes, in part, in an unoxidized form into the urine through 
the blood which is so rich in oxygen ; saligenin is not even converted 
into salicylic acid in its passage through the blood. We can scarcely 
refer cystine, which is so rich in sulphur, to any other source than a 
process of deoxidation ; whilst the great amount of sulphur present in 
many horny tissues, which contain a perfectly identical group of atoms 
with albumen, can hardly be ascribed to any cause but a mere local de- 
oxidation. If it be true that the iron contained in hminatin may be 
extracted by sulphuric acid and water under the development of hydro- 
gen, a reducing apparatus must be employed in some part of the animal 
body, by which the iron, which only reaches the body in an oxidized 
condition with the vegotal)le food, can be deprived 'of its ^ygcn. We 
shall meet with many other processes in the animal or^nism which, 
without intentionally setting aside the ordinary chemical terms, we can 
only designate as reduction-processes. Generally speaking, however, 
the restoration iii^the animal organism of bodies which arc deficient in 
oxygen, is eflfected in a different manner from what is found to prywail 
in vegetable structures. Thus, f<jr instance, in tfie formation of most 
of the fatty acids from sugar, a larger or smaller number of atoms of 
oxygen combine witJi the corresponding number of atoms of, the hydro- 
gen in the sugar, Whilst a certain number of atoms of carbonic acid are 
simultaneously liberated, leaving a body which is always poorer in qxy- 
gen than the starch or sugar which was exposed to decomposition. We 
shall revert on a future occasion to this hypothesis, which was first ad- 
vanced by Liebig, and which certainly appears to be confirmed by the 
mos$ remarkable analogies with known processes of fermentation. In 
every case of the formation of a body poor in oxygen the animal organ- 
ism presents greater similarity in its action to the chemical process of 
reduction than to the process going on in plants, by which oxygen -is di- 
rectly separated. As the chemist only calls into plag. other affinities of 
oxygen in order to remove it from certain combinations, so the animal 
body places the carbo-hydrates in a circle of circumstances, under which 
other affinities of oxygon come into action, and give rise, as products of 
the process, to one or more comparatively non-oxygenous substances, 
together with a body rich in oxygen. * 

We shall pass over the other distinctions which it has been attempted 
to establish between plants and animals, as they are alike unstable and 
indefinite. 

We will now include in one general resum6 the leading propositions 
presented to our consideration by the three main divisions of physiolo- 
gical zoo-chemistry. If we pause for a moment to contemplate the great 
series of the chemical substrata of the animal body, we at once perceive 
that there are four principal groups of substances in Vhich the vital pro- 
cesses are manifested with the greatest intensity. Amongst these the 
albuminoui aubstances, or the so-called protein-bodies, and their deriva- 
tives are the nmst conspicuous. A mere superficial glance at the occur- 
rence of albumen is sufficient to show that this must be one of the most 
importaift substances in the whole animal body ; we have met with it in 
the largest quantity in the blood, and in all those animal juices which 

VOL. II. 22 
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contribute directly towards the nutrition of the organs, and a more care- 
ful examination of many of the animal tissues shows that albumen re- 
quires only some very slight modifications to become consolidated under 
different forms ; as, for instance, when it contributes towards the forma- 
tion of the solid contractile parts, under the form of syntonin (muscle 
fibrin), by which alone both the voluntary and involuntary movements of 
the animal body are efiPected. We found it both in a dissolved and an 
undissolved form in the most delicate organic combinations, as, for in- 
stance, in the contents of the nerve-tubes — structures by which the animal 
essentially differs from the plant, and in which the highest force of all 
animal life may be said to be located. While we are compelled to admit 
that«chemi8try is still unable to furnish the long-looked-for explanation 
of the inter||i^'*constltution of albumen and of the substances most nearly 
allied to it, as syntonin, fibrin, and casein, or to trace the numerous 
morphological metamorphoses to which they are subjected, we are still 
less able to answer the question, wherein lies the capacity of these sub- 
stances to preside over the highest functions of life. As long as the 
chemical questions regarding the difference of albuminous substances of 
identical or similar coinposition remain undetermined, wo have no imme- 
diate prospect of solving the physiological problem of what it is which 
capacitatea these substances for different vital functions. 

Wc find that the animal germ is surrounded by albumen and casein, 
containing salts, together with a little fat and traces of sugar ; hence it 
is to the albuminous contents of the egg that we must refer the develop- 
ment of the organs of animals, including even those structures whose 
substances do not appear very similar to albumen. Animals obtain 
during the period of lactation, besides fat and sugar, a substance which, 
with the exception of a smaller amount of sulphur, contains the same 
elements, and in tho aame proportions, as albumen ; at the period, there- 
forc^when the growth of the gelatigenous, non-albuminous tissues re- 
quires the largest supplies from without, the body is supported by the 
same organic compounds which occur in such large quantities in its true 
nutrient fluid, the blood. Herbivorous animals do not find any substafbee 
analogous to gelatin in their vegetable food, and hence they must gene- 
rate it from the albuminous substances of plants. All the solid bases of 
the animal organs consist of nitrogenous matters, which can only origi- 
nate from the albumen, on which account we have named them deriva- 
tives of protein. Although we may entertain no doubt that the albu- 
minous substances are gradually metamorphosed into the non-sulphurous 
constituents of the gelatigenous tissues through the agency of the oxygen 
which enters tjie blood, we are not able to advance anything beyond 
mere conjecture in reference to the mode in which these processes of 
metamorphosis are effected. We are still ignorant of the intermediate 
stages through which the albumen or the casein undoubtedly passes be- 
fore it appears in the form of a chondrigenous substance, nor do we 
comprehend the internal connection, although the metamorphosis of 
chondrigenous into the glutigenous tissue* takes place almost directly 
under our eyes. Although we may succeed in exhibiting the result of 
those metamorphose^ by very simple formulae, we do not by tflat means 
the more clearly determine the actual nature of the process. 
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The question whether the blood-fibrin constitutes the necessary transi- 
tion-stage from albumen to chondrin and gelatigenous tissue, has been 
more than once propounded in the preceding pages (see vol. i. p. 360, 
and vol. ii. p. 284), and we might with equal justice inquire, whether the 
chondrin must everywhere precede the glutin in the formation of con- 
nective tissue, the tendons, the skin, &c. ? A very simple scheme of 
these forms of metamorphosis might readily be deduced from a theo- 
retical combination of the formulae representing the composition of these 
substances ; but even if we were accurately acquainted with the rational 
composition of all these complex substances from a chemical point of 
view, our ignorance of the individual conditions of the process would pre- 
vent our beii% able to decide with certainty which jof the many possible 
combinations and modes of representation expressible in £|rmulac should 
receive the preference. We have here to inquire if that formula is the 
correct one, which imitates a process of decomposition (or indicates the 
metamorphosis) in which atoms of oxygen are added, and water and 
atoms of carbonic acid are abstracted; or whether the preference is due 
to that formula by which the substance undergoing metamorphosis yields 
known excretory substances in addition to the m^in product ; or whether 
that is the correct one which derives a new substance from the original 
one by the mere sttbstitution of individual elements. Therfe is one cir- 
cumstance, howeVbr, which appears, at all events, to prove that the 
simplest chemical equation is not always the most correct in these pro- 
cesses, which seem to depend upon such highly complicated conditions. 
For, when we find that a concurrence • of many difierent substances is 
necessary to the accomplishment of many processes, as, for instance, 
that nutrient matters are only imperfectly, if at all, digested without the 
presence of fat, — that no cell, fibre, or membrane Can be formed without 
the presence of fat, phosphates, &c., — we can scarcely suppose that a 
simple formula, based upon an unestablished atomic composition, c#n ex- 
press the true process of the metamorphosis. There are certain sub- 
stances which never occur isolated in the animal organism daring chemi- 
cal metamorphoses ; thus, for instance, wherever albuminous matters 
occur, non-nitrogenous carbo-hydrates are always present, however small 
may be their amount ; wherever fats are formed or decomposed we 
always meet with albuminous matters; whilst free acids and alkalies 
occur in almost every part of the animal body. Although we may not 
admit the necessity of the concurrence of two or more entirely different 
substances in the case of individual processes, we rather conjecture that 
such a necessity obtains from the analogy of those processes which we 
are able to induce in organic substances that are not, included in the 
sphere of vitality. We perceive very clearly from a study of the process 
of fermentation, that one organic substance cannot exist together with 
another undergoing the process of metamorphosis, without being impli- 
cated in an analogous molecular motion, corresponding to its constitution. 
May we not conjecture that the substances formed under these conditions 
possess the tendency to combine together in their nascent state, and thus 
give occasion to the formation of certain complex atoms, in which che- 
mistry has recognized proximate constituents, conjugated compounds, 
haloid salts, &c. ? It is here that the recent chemi^ theory of the sub- 
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stitution of certain elements by other more simple or compound mole- 
cules will find the most extended application, and where we shall discover 
new proofs of the generally recognized proposition, that nature, under 
all circumstances, accomplishes the most varied ends hy the simplest means. 
Hence it would he difiBcult to prove, and indeed it appears almost im- 
probable, that those nitrogenous matters which have less aflSnity with 
albumen, as for instance, the animal pigments, the resinous acids of the 
bile, &c., are the simple remains of the decomposition of albumen or 
glutin ; and, on several grounds, it might even be supposed that these 
matters have beCn formed from the products of the simultaneous decom- 
position of nitrogenous and non-nitrogen ous bodies. Thejresult of these 
considerations and of all the attempts made to explain tho%)rmation and 
decompositioit of all these nitrogenous substances, keeps us within a 
circle of mere probabilities and possibilities, without affording any solid 
support for the maintenance of any one view in preference to another. 
The only fact which we deduce from a simple comparison of the empi- 
rical composition of these substances, and from corresponding statistical 
investigations regarding the metamorphosis of matter in the animal body, 
is, that the different phases under which nitrogenous molecules appear 
in the animal organism must be essentially dependent upon the inspired 
oxygen, and that the latter, under the most various Circumstances, gives 
origin to the rihmerous metamorphoses which the molecules of albumen 
undergo before their final change into urea and similar substances. 

In a second group of substances which we have learnt to recognize as 
important agents in the metamorphosis of animal matter, we must place 
the fata. We considered their physiological importance, origin, and 
final destruction so fully in the firs^ part of this work, that very little re- 
mains to be said on this subject. We learnt (vol. i. pp. 282—242) that 
the &ts, besides the nlanifold mechanical services which they render the 
aninral organism, also take part, through their chemical metamorphoses, 
in the most varied animal processes, that thiey take an active share in 
the process of digestion in the primre vise, and that they preside gene- 
rally over all the processes by which the fluid nutrient substances tfte 
converted into the solid substrata of the organs. The formation of the 
colorless blood-corpuscles seems also to owe its first impulse to the meta- 
morphosis of fat, which thus serves as the most important auxiliary in the 
formation of blood. We also, in the same place, drew special attention 
to the fact, that no animal cell and no fibre was formed independently 
of the presence of fat. Indeed, the fat appears to possess the property 
of premsposing the animal organism to the formation of cells. Thus, 
for instance, whenever very large quantities of fat are introduced into the 
organism, as in the fattening of live stock, the connective and subcuta- 
neous tissue of different parts exhibit an extraordinary number of cells, 
all of which contain fat. A cell-formation of this kind requires, how- 
ever, the concurrence of albuminous substances, which are derived from 
the^albnminates introduced into the organism with the food, as long as 
these are supplied in sufScient quantity. When the organibm does not 
find mi;he food sufficient materials to form the investing membranes of 
the fat-cells, it borrows from the muscular fibre the substance with which 
it surrounds the fat in these protein-capsules. When this source of ma- 
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terials for cell-formation is no longer sufficient, the fat begins to accumu- 
late in the blood and other animal fluids. Those results were deduced 
by Persoz and Boussingault,^ from a series of most carefully conducted 
observations on animals which were being fattened. A similar series of 
metamorphoses may be frequently observed in different morbid condi- 
tions ; all the stages induced from excess of fat may be traced in the 
bodies of drunkards, for here a large amount of material forming fat is, 
as a general rule, introduced into the body, with only a very small 
quantity of substance that can be applied to the formation of cells ; and 
in the artificial fattening of animals, the fat has the greatest tendency 
to collect in cells that are already formed, as for instance, in the liver, 
and this giv(||rise to what is termed the fatty liver — a morbid change 
which induces a certain group of disturbances. In short, we see that 
the fat, even considered from this point of view, stands in the closest 
relation to the formation of cells. 

Whilst in the above-mentioned cases fat gives occasion to the formation 
of cells in the animal body, we see a tendency to the accumulation or 
new formation of fat in existing cells and tissues whose nutrition has 
been to a certain extent altered (see vol. i. p. 239). This tendency is 
most clearly manifested in those pathologico-anatomical cases which have 
been commonly known under the name of fatty degeneration. Those 
frequently occurring phenomena may be interpreted in two different 
ways; for it may be assumed, either that the fat which is already .pre- 
sent may be disposed by certain molecular forces to accumulate in the 
older and less vitally active cells, where it replaces the disappearing 
nitrogenous tissues ; or that the fat arises directly from the nitrogenous 
substrata of the cells or fibres, and that their nitrogen disappears under 
the form of ammoniacal salts or othei^ simple combinations, leaving fat as 
the secondary product of the decomposition of albuminous matter. 

It must be observed, in reference to the latter hypothesis, that hilherto 
all attempts made to convert protein-bodies into true fat by chemical 
means have proved unsuccessful, although there is nothing, in a chemi- 
cal point of view, at variance with such an assumption (see vol. i. p. 
231) ; indeed Liebig^ has especially shown that it is not only possible, 
but also probable, in a chemical point of view, that the albuminous sub- 
stances of the animal body may be bon verted into fat. We find that in 
the putrefaction, as well as in the gradual oxidation of albuminous sub- 
stances, there are formed, in addition to butyric acid, a number of acids 
which belong undoubtedly to the group of the fatty acids, and are thus 
closely allied to the fats; indeed fat may, under favorable, conditions, 
be converted into ammonia and such fatty acids (butyric and valerianic 
acids) ; hence it may fairly be assumed that under the peculiar condi- 
tions presented by dead cells and tissues in the living oi'ganism, the 
process of decomposition takes the same course *in nitrogenous mat- 
ters as in the butyric or valerianic fermentation of the protein-bodies, 
with only this difference, that in the former case, where there is only a 
small supply of oxygen, oxides having higher carbo-hydrogen radicals 
are formed. If the formation of adipocire were more carefully exa- 

' Aim. de Chim. et de. PliyB. 8me B&t. T. 14, p. 418-485. 

3 Chem. Brlefe. 1861, S. 491 [or Letters oa Chemistry, 1851, p. 879.] 
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mined, we should find that it presented the most striking instance of 
a true fatty fermentation of albuminous bodies. Chevreul, as is well 
known, found saponified fats combined with ammonia and lime in adi- 
pocire, which led to the conclusion that the nitrogenous constituents of the 
muscles undergo the process of putrefaction during the formation of this 
adipocirc, and that the ammonia which is formed combines with the fat 
existing daring life to form soaps, whilst the greater part of the oleic 
acid is destroyed, or carried away, or converted into margaric acid. 
Recent experiments made by Quain‘ and Virchow* on the conversion of 
muscular tissue into adipocire in macerating troughs seem rather to give 
some weight to the older opinions, that it was not merely t^ prfe-exi sting 
fat which was saponified in this process, but that the al|Pminous con- 
stituents of the muscles were separated into fatty acids and ammoniacal 
salts. This subject requires, however, to be more carefully investigated 
before we can venture to decide to which of these hypotheses we ought 
to give the preference. 

Virchow* has long been one of the most zealous supporters of the 
view that albuminous substances are converted into fat within the living 
organism. This obserfer was the first .pathological anatomist who stu- 
died the so-called fatty metamorphosis in certain cellular organs, as for 
instance, the kidneys, spleen, liver, &c., and recognized it as one of the 
more frequent* terminations of the process of infi'ammation, whilst 
Schviltze* regarded it as the product of excessive plastic activity (see 
vol. i. p. 227), Virchow has attempted, with considerable ingenuity, to 
show that an accession of fat from without is scarcely conceivable 
during the fatty degeneration of entire organs and individual cells ; but 
still we can hardly consider this view fully proved, owing to the exten- 
sive diffusion of fat in most animal* fluids, and the frequent depositions 
of fat in organs enlarged by morbid processes. The interesting experi- 
ments of R. Wagner* appear, however, to furnish the most decisive proof 
in favor of this view. When Wagner found that testicles which had been 
introduced into the abdominal cavity of hens were completely changed 
and converted into a shrivelled fatty mass, he introduced crystallirfe 
lenses, portions of coagulated albumen, and similar non-fatty protein- 
bodies into the abdominal cavities of pigeons and other birds, and these, 
after a lapse of time varying from * twenty-five to fifty-four days, were 
also found to be ‘wholly changed, leaving a residue, the quantitative 
analysis of which yielded, in addition to some traces of nitrogenous 
matters, a larger proportion of fat than the substance originally em- 
ployed had contained. Bonders® and Middledorpr have subsequently 
made similar experiments with tendons, cartilages, and bones, and ob- 
tained very nearly the same results as Wagner ; Bonders, however, 
maintained that the fatty metamorphosis must be limited to the cells ; 
but this opinion seems to be refuted by the observations of Wagner and 
others. As, however, Wagner himself had started the objection, that 

* Sl^dico-ohirargical Transactions. 1850, Vol. 83, p. 141. 

* V«rfa. d. phys.-med. Ges. z. Wurzburg. Bd. 8, S. 869. 

* ArtRt, ,f.jpath. Anat. Bd. 1, S. 80-64. 

* Do adipis genesi pathologica, Comm, prtemio orn. Oryphiss, 1852, p. 47. 

* GSttinger gel. Anz. 1851, No. 8. * Nederlandsch Lancet, 8 S5r. Jaarg. 1, p. 556. 

'' GOnsburg’s Zeitschr. f. klin. Med. Bd. 8, S. 59. 
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fat might he introduced from without, that is to say, from the exudation 
forming itself (from fat) around the foreign body, and might pass into 
the disappearing nitrogenous matter, more especially as in some, 
although not in all cases, the fat presented the appearance of having 
been infiltrated from the external surface, it was necessary to alter the 
experiments by cutting off every supply of fat from without. For this 
purpose Husson,* who had repeatedly confirmed Wagner’s earlier observa- 
tions, undertook a series of experiments under the direction of that 
physiologist, introducing into the abdominal cavity of pigeons portions 
of albumen or crystalline lenses enclosed in gutta perch a bags. These 
experiments, in which there was only a very small increase of fat where 
the gutta pe^pia bags were well preserved, seem rather to speak against 
the formation of fat than to confirm such a view. Schrader* employed 
crystalline lenses enclosed in stoppered glass tubes for similar experi- 
ments : he did not, however, make any quantitative analyses, but merely 
thought he had discovered the presence of fat by examination with the 
microscope. F. W. Burdach* has recently carried on some very circum- 
stantial experiments, in which according to Wagner’s method, portions 
of albumen or crystalline lensQS, enclosed in (Jollodion or caoutchouc, 
were introduced into the abdominal cavity of animals, and examined 
after an interval »f a month or even a longer period ofatime ; from 
these observation^ Burdach convinced himself that where the animal 
juices were entirely cut off, the protein-body was not metamorphpsed 
into fat, nor did it undergo any essential alteration from the simple 
action of the animal heat : whence it followed that if the protein-sub- 
stances are actually converted into fat within the animal body, the free 
access of animal juices is at all events indispensable to the process. 
Burdach also found that when the albuminous substances were enveloped 
in collodion, a very fatty yellowish layer of exudation was formed upon 
the latter, in consequence of the exudative inflammatory process, in pre- 
cisely the same manner as when such a mass is deposited directly u{fon 
the protein-substance. It is, therefore, obvious that the yellow fatty 
rtnd observed in Wagner’s experiments is not the result of the decompo- 
sition of the protein-substance, although it is possible that the whitish 
fat which appears as if infiltrated into the object (but seems to be always 
more copiously deposited on the circumference than at the centre) may 
derive its origin from the decomposition of the proteiif-body. With the 
view of determining this question, Burdach employed porous vegetable 
matters, such as wood and elder-pith in place of the protein-substances 
in his experiments, and the results obtained were very nearly the same 
as those observed in the case of nitrogenous animal mjattors, iiie yellow 
fatty exudation being deposited round these substances, and the fat 
having been imbibed, through the intercellular spaces of the periphery, 
into the innermost part of the wood or elder-pith. * 

As this method did not afford any prospect of deciding the question 
of the formation of fat from protein-substances in the animal body, 
Burdach has attempted another method, which, as far as we are able to 
judge at present, appears likely to furnish definite results. Comparative 

• Gottinger gel. Anz. 1853. No. 5. ® Ibid. ® Dissert, inaug. med. Begimontii, 1853* 
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analyses of undeveloped and already developed ova have been instituted, 
with a view of ascertaining the increase or decrease of certain salts or 
of sugar during the development of the embryo ; and the first question 
which presents itself for consideration is whether the embryo does or 
docs not contain more fat and less protein-bodies than the egg from 
which it is developed. If the amount of fat in the egg increased in a 
definite ratio to the diminution of the protein-substance, or of the nitro- 
genous matters generally, the conversion of protein-matter into fat 
during the metainorphosis of matter would be demonstrable, at all events 
for this case. Burdach certainly found in some experiments which he 
made on the ova of the Limnmus stagnalis, that there was inconsider- 
able increase of fat during the development of the embry^Pbut as these 
few observations did not coincide perfectly as to their results, the ques- 
tion must still bo regarded as undecided. 

The third group of the most important substances of the animal body 
(comprising the carbo-hydrates) stands in such an intimate relation to fat, 
that in noticing these bodies we shall at the same time have occasion to 
make many additional remarks regarding the value of fat in the animal 
economy. We aroi onl^ acquainted with four substances of this group 
as constituents of the animal body, namely dextrin, milk-sugar, inosite, 
and grape-sugar (glucose). We have already seen that the carbo- 
hydrates, with the exception of the cellulose deposited in the outer inte- 
guments of the Tunicata (see vol i. p. 267) never constitute the basis of 
tissues. Sugar, which was formerly considered to be almost limited to 
the primse vim, has recently been discovered in nearly all the animal 
fluids which contribute towards nutrition, such as the blood, the transu- 
dations, lymph, chyle, the white of egg, &c. The sugar which we find 
in the intestinal canal of the herbivora and omnivora owes its origin 
to the metamorphosis of the starch and other carbo-hydrates through 
the influence of the saliva and pancreatic juice ; but sugar is also met 
wi^b in no very inconsiderable amount in the blood of the carnivora (see 
vol. i. p. 589), and must, therefore, be dependent upon some other source 
besides the carbo-hydrates which are introduced into the body from witR- 
out. I have been enabled by a number of comparative analyses of the 
blood of the portal add hepatic veins to give considerable probability 
to the view,' that the sugar whicb is formed in the liver — a fact 
which was origin'ally discovered by Bernard, and subsequently con- 
firmed by Frerichs (see vol. i. pp. 268, 483) — owes its origin to the decom- 
position of albuminates, and more especially of fibrin. The possibility 
that a carbo-hydrate may be contained in albuminous substances as 
an intimate constituent or adjunct, as in salicin, phlorhidzin, and 
amygdalin, was first conjectured by Berzelius, and has since been 
clearly demonstrated by Liebig. The tendency of albuminous sub- 
stances to pass into the butyric fermentation, which is especially noticed in 
fibrin and casein, may also, perhaps, be interpreted in the same man- 
ner. « Hence not merely the sugar which is conveyed into the bodies of 
herbiYOrous animals with the food in the form of starch, but especially 
that whkih is generated in the organism itself, must possess high impor- 
tance in the metamorphosis of animal matter generally. It is a striking 
* Ber. d. k. s&ohs. Ges. d. Wise. 18&0, 8. 180-146. 



6 U a A B. 


845 


fact, however, that notwithstanding this abundant supply both from with- 
out and from the liver, silgar is found only in comparatively small quan- 
tities in the blood of herbivorous animals, although it is present in 
scarcely smaller quantities in the blood of the carnivora, even after the 
use of a purely animal diet. It is not less remarkable that nature has 
provided the egg with a small quantity of sugar, and that the amount of 
sugar in the hen’s egg is increased rather than diminished with the deve- 
lopment of the embryo. These facts unddubtedly indicate that the sugar 
or the carbo-hydrates generally, as well as the fats, must serve some 
other purpose than that of maintaining the heat of the animal body by 
their simple, ^hough gradual oxidation. It will be presently seen that 
by these remits we do not by any means intend to deny that the deve- 
lopment of the heat, which is generated by the consumption of these 
substances is one of the most important objects of their introduction into 
the animal organism ; but if the sugar served solely to generate heat, 
we can scarcely explain why the quantity should increase in the egg dur- 
ing incubation, whereas we should rather expect that it would wholly dis- 
appear during the oxidation which accompanies this process of develop- 
ment. The question further arises, why the sugar, frhich is certainly 
present in far smaller quantities in the blood of the carnivora than 
in that of the herMvora,, should not bo immediately consumed in the 
former, and rendered unamenable to our reagents, since the sugar occur- 
ring in considerable quantity in the herbivora is so rapidly removed fifom 
the blood either by respiration, or where this is inadequate for the pur- 
pose, by the urine. 

We are still very imperfectly acquainted with those carbo-hydrates 
and their metamorphic products which occur in the animal juices ; but it 
is very probable that in addition to Sicherer’s inosite, we may find other 
similar indifferent substances amongst the extractive matters of the animal 
body. We are, however, acquainted with many of the acids which are 
formed in the animal body from the carbo-hydrates, as for instance, 
formic, acetic, and butyric acids, which occur in large quantities in the 
sv^eat, and, in addition to these, lactic acid, which is associated with them 
in the muscular juice, in the parenchymatous juice of the smooth mus- 
cles of the stomach, of the intestinal capal, and df the bladder, as well 
as in the middle arterial coat. * 

We have already seen that in the small intestine free’acid is commonly 
found as for as the middle of the ileum, notwithstanding the access of 
pancreatic juice and bile ; here its use is assuredly not merely to dissolve 
the nitrogenous substances which were not digested in the stomach, but 
also essentially to promote the resorption of the solubi^e constituents of 
the chyme. The admirable experiments of Jolly* have shown us, that 
the endosmotio equivalents of the acids are extremely small, as com- 
pared with the equivalents of the alkalies, for he found the equivalent of 
hydrated sulphuric acid = 0*350, but that of hydrated potash — 215*725, 
and Graham* found the diffusibility of the acids extremely great, and 
that of the alkalies very small ; it, therefore, stands in an inverse rela- 
tion to the endosmotio equivalents. Ghraham observed amongst other 

' Zeitschr. f. rat Med. Bd. 7, S. 88-147. 

* Ann. de Cbim. et de Phys. 8 B6r. T. 29, p. 197-229 [or Phil. Trans, for 1860, p. 1]. 
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things that an acidified albuminous fluid was much more diffusible than 
an alkaline solution of albumen. Whenever, therefore, an alkaline and 
an acid fluid aro separated by a membrane, the main current of the inter- 
changing fluids will always be directed towards the alkaline side, and 
hence it is most obvious that the acid of the small intestine must aid in 
essentially promoting and facilitating the resorption of the contents. 
There can therefore be no doubt that the carbo-hydrates, or rather their 
acid products of metamorphosis, control some important function in the 
intestinal canal which does not stand in any direct relation to the process 
of respiration. We need hardly have recourse to facta well known to 
the physician to prove the truth of this proposition, since the pheno- 
mena of indigestion in gastric catarrh, and the temporar^i^lbneflt derived 
in these conditions from the use of acids, are now explained by these 
purely physical relations. 

This proposition acquires still higher importance in reference to the 
animal functions, when we consider the antagonism of the reactions of 
the different animal fluids, a coildition which we shall more fully con- 
sider at a future ^age. We will here simply observe, that we find, when 
we examine the mixturtj of the animal juices already noticed, that on the 
one hand the free,.icid is associated with phosphates and potash-salts, 
and on the <)ther hand a strongly alkaline reaction with soda-salts and 
chlorides. These occurrences are not the result of adcident, and Liebig, 
as VC shall presently see, has with his usual ingenuity and success eluci- 
dated the object and necessary results of this peculiar grouping of the 
acid and the alkali, and of the different salts in the animal organism. 
If wo attend only to the constant difference in the reactions of the differ- 
ent juices, we shall have to admit, that the alkaline nutrient fluid of the 
blood must, in accordance with this'pbysical law, transude far less readily 
than the acid parenchymatous fluids through the walls of the vessels. 
Even if the remarkable play of affinities in the phosphate of soda might 
often give rise to an acid reaction, such an effect could scarcely be 
produced unless carbo-hydrates were introduced into the body, or gene- 
rated within it, by whose conversion into acids a part of the base woifld 
be abstracted from the phosphates taken with the vegetable food in order 
to convert them int(f acid salts, until the alkali, after being freed by 
combustion from its organic acid, m^ght recombine with the phosphate. 

If we deny thi^s function to lactic and other organic acids, we could 
not admit the occurrence of an acid reaction, or what is the same thing, 
the formation of an acid phosphate in the organism, if the carbo-hydrates 
without forming acids, were consumed in the same manner as in our 
furnaces or cruci^bles. The ash of plants always exhibits an alkaline 
reaction (excepting in the case of some seeds), and consequently the 
food of herbivorous animals could only generate alkaline fluids within 
the body if the carbo-hydrates were not, partially at least, converted 
into acids, and distributed with the phosphoric acid amongst the bases, 
thu^^ serving to restore the acid salts and the acidly reacting fluids. 
Nature has, therefore, provided by this beneficial distribution of acids 
and alkalies for the removal of all effete matters from the tissues in the 
most rapid manner, and for their transference jto the blbod, where they 
are employed in maintaining animal heat, or are entirely removed from 
the body with the urine and sweat, whilst on the other hand equally 
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efficient means serve to render the passage of deleterious matters from 
the blood into the parenchyma of the organs extremely difficult, and to 
facilitate in an equal degree their expulsion from the organism by the 
aid of the urine and sweat. 

Moreover, the carbo-hydrates, or rather the sugar, may very probably 
accomplish some other less striking functions before their conversion 
into acids ; thus for instance, the sugar in the alkaline fluid of the blood 
certainly contributes its share to the solution of the carbonate and phos- 
phate of lime, as is very obviously manifested in the development of the 
embryo in the egg of the bird. It long remained a mystery to the older 
observers, how the salts of lime could be augmented in the embryo, and 
it was believedibr assumed that the lime must be derived solely from the 
shell of the egg ; but even if some acid salt of lime may be formed during 
the period of incubation, and may pass into the juices of the developed 
germ, yet the sugar, when present, combines with the alkali or lime in 
the alkaline fluid, and may then dissolve the carbonate of lime as a com- 
pound of sugar with lime or soda, a fact which has been long known and 
has been recently brought to notice by Barreswill.* May not the capa- 
cious size of the liver of the chick during the latter ^ys of incubacion 
be the cause of the greater amount of sugar which ii^ound in the albu- 
men of the egg at that period than before incubation ? And may we not 
conjecture that the'liver of the foetus of the mammalia, wkich notwith- 
standing its size, secretes very little bile, may serve to generate sugar fr/)m 
the protein-bodies ? This sugar, which I have determined with the greatest 
exactness in the foetal blood of calves, is assuredly, not formed in the 
liver simply to be consumed, for even if the albuminous substances in 
the foetus are partially appropriated to the maintenance of internal heat, 
they would hardly be first decomposed into sugar and other substances 
in order to effect this purpose. The foetus which requires sugar quite as 
much as the young animal during lactation, generates it in the organs 
designed for that purpose, and the blood of the foetus with its small 
amount of alkali has less tendency to decompose sugar than the more 
alkaline blood of breathing animals. 

We have already frequently referred to the application of sugar to the 
formation of fat, and we will, therefore, simply observe that according to 
Liebig,® the formation of fat from sugar may be explained in two differ- 
ent ways. It may in the one case be analogous with vinbus fermentation, 
or with the formation of fusel oil, the atom of sugar being decomposed 
into carbonic acid, and into a substance poor in oxy^n ; or in the other 
case, the sugar may undergo a process analogous with the butyric fer- 
mentation, by means of which the hydrogen is in part jibstracted from 
the carbo-hydrate, and carbonic acid escapes, while a substance poor 
in oxygen remains in the form of one of the known fatty acids. In the 
butyric fermentation, one atom of sugar is decomposed into hydrogen, 
carbonic acid, and butyric acid (C,2Hi20,j==4H-f-4C02+C8Hy03. HO) ; 
in the formation of caprylic acid within the animal body, two atoms of 
sugar become decomposed into the above-named acid, carbonic acid and 

^ Moniteur Industrie!. iSbO, No. 1542. 

* Thierchemie. 1846, S. 102. Chemisclie Briefe. 1851, S. 486-492 [or Letters on 
Chemistry. London, 1851, p. 377]. 
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hydrogen, the latter combining to form water with the oxygen which it 
meets with in the blood (Cj^Hj^Ojjg+dO^dHO+SCOj-j-CijHisOg.HO). 
Liebig adduces an interesting experiment in support of the view to which 
we have already referred, that the formation of fat is effected in the liver. 
When pieces of calves’ liver are chopped up in water, and suffered to 
stand at a temperature of 39® or 40®, an extraordinary amount of pure 
hydrogen gas will be developed in about four or five hours ; some fer- 
ment must, therefore, be developed here, which is capable of separating 
the hydrogen from the oxygen. In every case the deposition of fat 
within the animal body betrays a certain (ieficiency of oxygen showing 
that the amount of oxygen respired was insufficient to allow the complete 
separation of the sugar into water and carbonic acid. 

The part taken by the fats in the metamorphosis of animal matter has 
already been* very fully considered in the first volume. We there showed 
(after discussing the mechanical objects fulfilled by the fats in different 
parts of the animal body), that these substances accomplish definite pur- 
poses in the primao vim, and that they appear to be powerful auxiliaries 
in the formation of cells and tissues, whilst their ample supply of carbon 
and hydrogen, ai\d their gradual oxidation, enable them to contribute 
essentially towards the generation of animal heat. We shall refer in a 
future page to the special value of the fats in relation to the generation 
of heat. ' 

We now pass to another group of substances, whose occurrence in the 
body, and whose importance in the animal economy have already been 
considered in detail in the first volume of the present work. On taking 
a general retrospective view of the substances which occur in the ash, ' or 
which we assume to exist preformed as inorganic salts in the animal 
juices, certain general considerations which we have not hitherto noticed 
demand our attention. We have frequently had occasion to refer to the 
numerous defects which still appertain to the chemical analysis of the 
incombustible constituents of vegetable and animal substances, and which 
necessarily oblige us to exercise great caution in applying the results of 
ash-analyses to the explanation of the physiological actions of the sflb- 
Btanccs which are found preformed in the living body. It is sufficiently 
evident, however, that these substances play a very important part, and 
that notwithstanding these defects* in our analytical methods, they are 
more accessible to exact investigation than any other constituents of the 
organism. If any doubts still exist as to the necessity of their presence for 
animal life, we need only refer with Liebig to the series of experiments 
instituted by French investigators, in which anknals were destroyed in 
more or less brief periods of time when fed upon substances containing 
no salts, although otherwise nutritious. We also learn from other ex- 
periments, in which animals were fed on substances which w^re deficient 
in certain mineral ebnstituents, that a certain group of these bodies con- 
tributes essentially towards the nutrient power of the different articles of 
food. Liebig has especially drawn attention to this ohscore and mueh- 
neglected question, which he has made the object of numerous • experi- 
ment and has again recently studied, with his accustomed care and 
completeness,* ably elucidating the numerous relations borne by these 

' Cheniische Briefe. 1851, 8. 495-544 [or Letters on Chemistry. London, 1851, pp. 
882-440.] 
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substances to individual processes, as well as to the entire economy of 
the animal organism. 

It is a singular circumstance that it should have been reserved for 
our own day to define with greater exactness the inequality in the distri- 
bution of the free acid and of the alkali in the juices of the animal body. 
Andral,^ who was the first to institute observations in relation to this 
subject, prosecuted the inquiry purely in relation to medical diagnosis, 
and hence they did not yield any actual benefit to physiology ; here, 
too, Liebig was one of the foremost in the field. If we revert to the 
experiments on the different animal juices described in the first and 
present volumes of this work, we shall perceive that the blood constitutes 
the main representative of those animal fluids which are distinguished 
by a decided alkaline reaction, whilst the juices of the most vitally active 
organs have a decided acid reaction. Besides the blood, there are 
only few of the animal fluids which are constantly alkaline, as, for in- 
stance, the lymph, the chyle, and the transudations. Among the secre- 
tions, the saliva alone exhibits a strongly alkaline reaction under certain 
physiological conditions, whilst the bile and the pancreatic juice are so 
slightly alkaline that they arc often unable, undcft* ordinary conditions, 
to neutralize the acid masses which enter the duodenum from the sto- 
mach. On the oth«M* hand, we know to what a degree the gastric juice 
is distinguished foi^its acidity, and that the acidity of the muscular juice 
varies directly with the activity of the corresponding organs ; the iqost 
recent experiments of Du Bois Reymond and Liebig showing that the 
muscles, when at rest, contain no acid juice. The parenchymatous fluids 
of the spleen, the thymus gland, the smooth muscles, the liver, and the 
supra-renal capsules, all contain free acid. This antithesis in the pre- 
ponderance of the alkali and the acid* is not only apparent in the mass 
of the coarser organs, but shows itself on a close examination even 
where we should not expect to meet with such differences, as for instance, 
in the egg and the blood. Although the fluid of the yolk exhibits no 
acid reaction towards vegetable colors, yet it is found on a closer oxami- 
ndtion, to differ essentially from that of th^ white, which is so rich in 
albuminate of soda and alkaline carbonates as always to color turmeric 
brown, whilst the yolk-fluid is so poor in alkalies that the casein con- 
tained in it is separated in granulei^. We might certainly regard this 
casein as the free acid of the yolk, if the ash-analyses •of the latter did 
not show that the mineral bases are insufiicient to saturate half of the 
phosphoric acid contained in it (see p. 79). In examining the blood, we 
find that a difference exists between the serum and the blood-cells pre- 
cisely similar to that which we have noticed between the yolk and the 
white of the egg. If we are not mistaken, C. Schmidt* has somewhere 
suggested that ^e contents of the red blood-cells may have an acid reac-' . 
tion ; the numerous experiments which I have made in relation to this 
question have not enabled me to arrive at any definite results ; but if we 
consider the composition of the mineral constituents belonging to the 
blood-cells as first determined by Schmidt, and if we bear in mind the 
facts* which have been recently established regarding the behavior of the 

^ Gompt. rend, T. 26, p. 660-667. 

* [See vol. i. p. 344 (on the cryatalline matter contained in the blood-cells),’} 
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crystalline substance of the blood, its acid reaction on coagulation, the 
amount of metaphosphates -which it contains, &c., it becomes highly pro- 
bable that the contents of the blood-corpuscles have either an actually 
acid reaction, or that, analogously with the jyolk-fluid, they contain sub- 
stances which are able to saturate the alkalies. 

When we consider all that has been ascertained in reference to the 
nature of the free acids in the different animal juices, and all that has 
been set forth in different parts of the present work, we find that where- 
ever free acids occur in the parenchyma of the organs acid phosphates 
are invariably present, or that where an acid reaction cannot be directly 
recognized, phosphoric acid is always met with, either conjugated or 
simply combined with casein, globulin, or glycerine. The proposition 
may, therefore, bo established for all animal juices, which are neither 
secretions nor excretions, that in all juices which exhibit an acid reac- 
tion the soluble phosphates are especially accumulated, for it has been 
found that whenever the mineral constituents were determined by the 
ordinary method of incineration, the ash of all these juices, whether 
they exhibited an acid or a neutral reaction, was much richer in phos- 
phates, and especiallyi-metaphosphates,:, than the ash of alkaline animal 
juices. As all these juices naturally originate in the blood, it would 
appear very singular, although by no means incomprehensible, that cer- 
tain of these juices, as for, instance the muscular juice, and the fluid 
bathing the contractile fibres, should exhibit such a strongly acid reac- 
tion if free organic acids and their alkaline salts were not also simulta- 
neously present with the acid phosphates. This free acid, which at we 
have already seen, consists essentially of lactic acid, together with a 
smaller quantity of volatile organic acids, is originally generated in the 
parenchyma of the organs by theii own functions, and the neutral phos- 
phate which has passed from the blood is here first converted into an 
acid phosphate ; such at all events is the case with the muscles, which 
Du Bois found to be without free acids when in a state of rest. We are, 
therefore, disposed to adopt the view advanced by Berzelius many years 
since, that this acid reaction is not the requirement, but the result of the 
function of the muscles. 

Moreover the earthy phosphates are also brought into solution in larger 
quantity by the occurrence of free Ucids, than would have been the case 
by albumen or casein alone. It need not, therefore, excite our surprise, 
if wo find large quantities of these phosphates present in the ash of 
the animal juices, for such a fact would at first sight appear to be the 
mere result of a chemical necessity ; but we have already shown that 
although no free organic acids are formed anew in the parenchyma of the 
organs, the occilrrence of acid phosphates in them, although striking and 
inexplicable, is yet not inconceivable. After the wonderful discoveries 
of Graham in reference to these complicated endosmotic phenomena, which 
have hitherto been so imperfectly reduced to definite laws, we need no 
longer be surprised when we see an acid fluid separating from the alka- 
line*blood, or an acid phosphate separating from the neutral phosphate, 
and permeating the coats of the vessels. A similar -view must be taken 
of the faintly acid or neutral fluids in which, at all events at present, no 
organic acid has been recognized, as for instance, the yolk and the con- 
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tents of the blood-cells ; for it is certainly not very probable that these 
adjuncts, or faintly acid bodies, such as casein or glycerine, should be 
capable of decomposing the neutral alkaline phosphate. 

We must here refer to an observation which is intimately connected 
with the above-described facts, and which bears upon the influence of 
these unknown laws of diffusion and endosmosis ; we allude to the fact 
first observed by Liebig during his investigation of the muscular fluid, 
and subsequently confirmed by C. Schmidt in his investigation of the 
contents of the blood-corpuscles, namely, that these fluids, which are so 
rich in. phosphates, and which exhibit an acid reaction, contain only a 
small amount of soda-salts and alkaline chlorides, while they are very 
rich in potash. This observation 1 have been able to confirm (see pp. 
228 and 241) in examining the parenchymatous juice of the different con- 
tractile tissues ; for I found that acid sweat, which was almost entirely 
free from phosphoric acid, contained a much larger quantity of potash- 
salts than were contained in the alkaline animal juices, which were richer 
in phosphoric acid. The experiments hitherto made on endosmosis and 
diffusion have indeed afforded some indications of the readiness with 
which the potassium-compounds transude, although they have not yielded 
any more precise results ; Gratam’s^ most recent experiments have 
merely demonstrated that hydrated soda and the soda-salts^ in general 
are diflused somewhat more strongly than l^drated potash, and the cor- 
responding potash-salt. Here again, therefore, we are deficient in the 
elements necessary to furnish an explanation of these phenomena ; that 
is tb say, we are ignorant of the physical laws, whoso application to 
organic nature, and whose utility in proving that all vital phenomena 
are results of a physical necessity, constitute the true essence and the 
ultimate aim of physiological chemistry and physiology. As long, there- 
fore, as wo continue in ignorance of the leading physical premises, we 
should abstain from having recourse to less efficient agents, such as ner- 
vous force and electrical endosmosis (although, as Du Bois Reymond 
has shown, these are not without their influence) ; least of all, however, 
should we conceal our ignorance by calling to our aid any peculiar vital 
forces. 

But if we do not regard the occurrence of free acids, acid phosphates, 
and an excess of potash-salts as purely accidental, in so far as we recog- 
nize their presence as the result of a necessity, that is to say, as the effect 
of physical laws, we are also equally bound to consider that their pre- 
sence may not be accidental when examined in a teleological point of 
view ; that is to say, we ought also to inqmre what purposes are accom- 
plished by the occurrence of the free acid, the phosphates, and the pot- 
ash-salts in the fluids of these organs or rather, what Effects are neces- 
sarily produced ^ the presence of these substances in the organs under 
consideration. Ime present state of our knowledge does not, however, 
enable us to decide, this point with more certainty than we have already 
indicated in the'^ first volume, when treating of lactic acid and the phos- 
phates. We are entirely unable to conjecture the effect which may be 
produced by the simultaneous presence of the phosphates and potash-salts 
on the metamorphosis of matter, either in the organs or in the surround- 
I Chemical Gazette. 1861, pp. 266-268. 
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ing parts ; for mere surmises and hypotheses regarding polar antitheses, 
and the like, call for no further notice till we are more conversant with 
the eflFects of polarity. 

There is, however, one point of view which must not be wholly ne- 
glected in our considerations of the antagonism of the reactions, and of 
the different salts occurring in these organs and in the blood, since it 
may, in this respect, possibly present the idea of an antagonism between 
the organ and the blood under such an aspect . as to necessitate our re- 
linquishing it entirely. Here, for instance, the question especially arises, 
whether the acid reaction and the amount of phosphates in the fluids 
are solely dependent upon the quantity of fibre-cells or smooth muscular 
fibres contained in the organs, or whether they are definitely associated 
with the organs as such. This question must certainly be answered be- 
fore we enter into further discussions or investigations, since so many 
facts appear to show that this free acid, and this abundant supply of 
phosphates and potash-salts, which we have found to be the constant as- 
sociates of the smooth muscular fibres, occur in the various organs solely 
in proportion to their number of contractile fibre-cells ; we need here 
only refer, by way of* illustration, to the fact, that organs, su<?h as the 
spleen and the muscular layer of the intestinal canal, which ai’C especially 
rich in contractile tissues, are also especially distingyished by the amount 
of free acid, &c., which tl^py contain ; whilst, on the other hand, the 
ju^ce of the salivary glands and of the pancreas, in which Kiilliker dis- 
covered few or none of these fibre-cells, are distinguished by their alka- 
line reaction and by their poverty of potash-salts. , I have ascertained 
from direct observation that the middle coat of the aorta and the A. in- 
nominata yields far less acid, phosphates, and potash, in proportion to 
the amount of fibre-cells, than the* same tissue from middle-sized arteries. 
It requires, therefore, further and more exact investigations to determine 
whether the juice of the spleen and similar organs exhibits an acid reac- 
tion, &c., simply because it is blended with the juice belonging to the 
fibre-cells, or whether the presence of these substances is inherent in the 
organ as such ; but still it must be confessed, that our histo-chemical*dn- 
vestigations render the former view by far the more probable. 

We likewise meet with accumulations of phoaphatet independently of 
the presence of free acid, or the ftomation of acid salts, in parts of the 
animal body wh«re their presence has either served certain definite pur- 
poses, or where it is still regulating certain functions ; instead, however, 
of recurring to the observations we have already made , in relation to this 
subject (see vol. i. pp. 373-378 and 395), we will here merely refer to 
the following facts. All histogenetic substances are almost inseparably 
combined with bonsidcrable quantities of phosphates, so that the two are 
always dissolved together, and are again associated in all coagnla or pre- 
cipitates obtained ftom their solutions. The bases of all completely de- 
veloped tissues always contain in their ash considerable quantities of 
phosphates, which for the most part are in the proportion of 1 equivalent 
of phosphoric acid to 1 equivalent of base, and therefore occur as me- 
tapKosphates ; as for instance, in the case of the muscular substancS, and 
the substance of the connective tissue of the lungs and of the liver, after 
being thoroughly rinsed in water according to Liebig’s directions. Ilence 
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■we may conclude, that acid phosphates must have been present in the 
recent tissue, or rather that a portion of the phosphoric acid ■was com- 
bined with organic matters. We have further seen (see p. 282) that all 
secretions from the blood, which are distinguished by their plasticity, 
exhibit phosphates, which although not always present in large quantities, 
never fall below a certain amount ; and the admirable observations of 
C. Schmidt have shown that a certain quantity of phosphates is required 
to supply the first basis for the new tissue, even in the case of those 
organs which subsequently exhibit an excess of carbonate of lime. After 
considering all these facts, we can scarcely entertain a doubt of the posi- 
tive influence which the phosphates exert on the formation of the tissues 
and organs. The effects and counteractions reciprocally induced by the 
phosphates and organic matters in the development of the tissues and In 
their maintenance, are subjects which still require elucidation. If any 
doubt still exist as to the share taken by the phosphates in the formation 
and functions of certain tissues, the observation made by Liebig must, 
we think, finally set them at rest ; we refer to the fact noticed by that 
observer, that herbivorous animals take up a very small quantity of 
phosphates in their food, and although their bloo(J is very poor in those 
substances, their tissues and orgaffs contain as large a proportion of these 
salts as the corresponding parjs of the carnivora. The phosphates must, 
therefore, be especially attracted and retained by the tissues in the 
organism of the herbivora, in order that they may there fulfil definite 
effects corresponding to the objects of the several organs, which ccAild 
not be fulfilled by the other substances which are supplied in abundant 
quantities in the vegetable food of these animals. The very variable 
amount of these salts which we meet with in the blood of herbivorous as 
well as carnivorous animals, and whicii obviously depends only upon the 
nature of the food, or, in other words, upon the quantity of phosphoric 
acid which it contains, led Liebig to adopt the view that the phosphates 
do not exert any perceptible influence upon the process of the formation 
or the main functions of the blood, that is to say, upon nutrition and the 
deyelopment of heat. The facts wo have already considered, and those 
which still demand our notice, coincide so fully with Liebig’s view, that 
future investigations are not likely to modify it. JVe shall revert at the 
proper place to the relations of the .phosphates in secretion, excretion, 
and similar processes. . 

The alkali and the carbonates predominate in the liquor sanguinis 
(serum-l-fibrin), in the same manner as the free acid and phosphates in 
the fluids of the tissues. We have seen that the alkalinity of the liquor 
sanguinis is not induced by the free alkali, but by certain saline com- 
pounds of alkalies, and more especially of soda with albuminous sub- 
stances on the one hand, and with carbonic acid, and in part also with 
phosphoric acid, on the other hand. The albumen <»f the blood-serum is 
combined .with soda in at least a twofold proportion, constituting an acid 
and neutral, or a neutral and a basic compound, according as we calcu- 
late its atoqiic weight. We have already described, under the head of 
Albumen (vol. i. p. 297), and under that of Blood (vol. i. p. 587), the 
reactions which show that the blood-serum contains two albuminates of 
soda, one of which is rich and the other poor in alkalies, and that these 

VOL. II. 23 
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are mixed together in variable proportions ; it is only in diseases that 
free albumen, held in solution solely by the salts of the serum, can be 
obtained. This relation even might of itself aid us in conjecturing the 
effects of the alkali, or in other words, the purpose it accomplishes in the 
blodti. The somewhat lax combination between soda and albumen will 
always be disposed to give off the alkali, as soon as acids are formed in 
the blood, or are conveyed to it from other parts of the body. The pro- 
vision by which the blood is surrounded by acid flaids, and which enables 
it to expend a portion of its alkali in destroying the acids without by 
that means losing its alkaline character, is one which demands our fullest 
consideration ; this alkalinity of the liquor sanguinis would, however, 
vei'y rapidly be destroyed, owing to the abundant supply of acid fluids, 
and the great tendency of the latter to be converted into alkaline and 
neutral fluids, if the newly formed salts were not readily and quickly 
decomposed into carbonates, and in part also were removed unchanged 
from the blood. 

The following seem to be the only considerations which are able to 
assist us in determining the causes which maintain the alkalinity of the 
blood at a tole/ably constant degree, and the objects which arc effected 
by this constancy. We need not here seek for any complicated modes 
of explanation, for the question to be determined ,is simply this : what 
cflbct will the alkali necessarily exert on organic boflies under the rela- 
tions prevailing in the living blood V As far as these relations are known 
to ‘us, it would appear that the one Avhich especially claims our attention 
is the simuhaneous presence of oxygen. The first principles of chemistry 
teach us that the tendency of oxygen to combine with certain elements 
is extraordinarily strengthened by tHe presence of alkalies, but it is 
scarcely necessary to enter more dully into the chemical laws and ex- 
periments which refer to this subject, and which have been already con- 
sidered in various parts of this work. We will, therefore, limit ourselves 
to a brief notice of the most important experiments, which show the ne- 
cessity that the collective organic constituents of the blood should be 
subjected to a process of gradual oxidation by the simultaneous presonco 
of oxygen and loosely combined alkalies in the blood. The oxidation 
thus gradually proccc^ling extends itself in organic substances, not merely 
to the disintegration, step by stepf of one atom after the other, but also 
to the individual atoms of their constituents ; that is to say, it is not, for 
instance, one atom of sugar after the other which is directly converted 
into carbonic acid and water, but whilst the separate atoms of hydrogen 
of the sugar are oxidized, there are formed various derivatives before we 
obtain the final results of carbonic acid and water. The length of time 
which, Liebig’ iias shown, is required for the completion of many che- 
mical processes external to, and independent of, the influence of living 
organisms, makes tiie gradual and slow course of chemico-vital processes 
less remarkable than it was formerly supposed to be. In order that wo 
may take our stand on direct observation, we will pass in review the in- 
dividual constituents of the blood, and briefly consider their relations 
whflst they are simultaneously subjected to the influence of the free or 


' Ann. d. Ch. u. Pharm. Bd. 66, S. 360-352. 
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sliglitly comliiiied alkalies and of tlie oxygen at the temperature of the 
living body. 

We will begin with the organic acids^ which readily and in no incon- 
siderable quantity transude into the blood. ^ Every one who has spent 
even a short time in a chemical laboratory is aware of the rapidity with 
which organic acids, or rather the salts which they form with alkalies, 
begin to decompose wjicn there is an excess of the alkali, even where 
there is a very slight excess of oxygen. Fluids previously colorless become 
brown ; we generally remark the formation of vegetable growths ; and a 
closer examination shows tllat products of oxidation, such as succinic 
acid, &c., are generated. Liebig has even recommended gallic and 
pyi’Ogallic acids as the best eudiometric agents, owing to the high 
oxidizing capacity exhibited by their alkaline salts. The well-known dis- 
covery of Wohler, which has justly excited 50 much attention, is, there- 
fore, nothing extraordinary, and certainly does not prove that the animal 
body possesses an altogether special oxidizing capacity, equalling in in- 
tensity our strongest oxidizing agents. The means are precisely the 
same by which organic acids are consumed both ■vjrdthin and without the 
organism ; the apparent intensity*of the oxidizing power in the blood is 
not oAving to any s])ccial force, but is the mere result of a peculiar com- 
plication of circumsthnees. * 

We liYive, moreover, seen that i\\Q carlo-hydrates contained in nutrient 
matters for the most part reach the blood in the form of grape-sug^r. 
We can hardly Avonder at the rapidity Avith Avhich the latter disappears 
from the circulation, if avo remember that this sugar, when associated 
Avith an alkali, is capable of takjpg up combined oxygen, and of with- 
draAving it from oxide of copper and niany other oxides. 

Our experiments sIioav that a less striking influence is exerted by the 
alkalies on the oxidation of ihafats fatty acids ; indeed, direct ob- 
servations appear to shoAv that the fats in the blood are oxidized much 
less rapidly than the carbo-hydrates, or cA^n than the albuminous sub- 
stances. Urea may be detected in urine as a product of the oxidation 
of {he nitrogenous matters of the food, long before the combustion of 
the fats can be recognized in the augmentation of the expired carbonic 
acid (see Nutrition) ; Avhilst facts may be advanced in proof of the gra- 
dual oxidation experienced by the fats under the action pf an alkali and 
oxygen. We need only refer to the occurrence in the blood of acids 
homologous to the solid fatty acids, as for instance, in certain secretions, 
and more especially in the sAA^eat, where the whole series of acids, from 
formic to caproic acid, has been exhibited Avith tolerable certainty. 
Thus, too, butyric fermentation, like lactic fermcutatio», requires the 
addition of equivalent quantities of the alkalies for its perfect accom- 
plishment. Although we may deny the appellation of fats to those 
lipoids, such as cholesterin and serolin, which most probably are formed 
only in the blood, they betray in many of their properties so near an 
affinity with these bodies, that in our ignorance of their origin, it would 
sctircely seem at variance with the truth, were Ave to refer them to the 
oxidation of the fats as residua poorer in oxygen, in the same manner as 
Ave refer humus to the decomposition of Avood. 

ChcATeul and Scherer haA^e recently shoAvn that luvmatin (the^^coloring 
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matter of the blood) when dissolved in alkalies is able to continue un- 
changed for a prolonged period, and that on the access of atmospheric 
air it instantly attracts oxygen, and becomes converted into a colorless 
body. The want of a mqre careful examination of these facts has 
hitherto prevented the exact comparison of this form of metamorphosis 
with that which occurs in the blood. 

No one can doubt that the albuminous substances of the blood undergo 
a gradual oxidation before they can be employed in the formation or 
renovation of the tissues, although wo certainly are still unable to deter- 
mine the extent to which the alkalies influence their oxidation and further 
metamorphosis. Wo know only this much, that the alkali of the blood 
must aid in abstracting and oxidizing the sulphur which is peculiar to 
all protein-bodies ; and we need only refer to the method recommended 
by Mulder for the exhibition of the albumen-protein and the fibrin-pro- 
tein, to show the im2Jortance of the alkali in this form of metamorphosis. 
Hitherto, at least, we have not arrived at any proof of the co-operation 
of the alkali in the further oxidation of the albuminates. 

It certainly would, seem probable, from a careful examination of the 
chemical facts in our possession, that 'this simultaneous action of the al- 
kali and of the free or imperfectly fixed oxygen upon readily oxidizable 
substances, might afford an explanation of the entire^ process of oxidation 
in the animal organism. But this is by no means the case, and the present 
afibrds an instance of the danger of being led astray, by perfectly correct 
but isolated facts, to adopt extreme and exclusive conclusions. The highly 
complex chemical processes which prevail in the lower sphere of vitality, 
are not of a kind to bo oomprehonded^in their entire complication of ac- 
tions and reactions, by one indiwduai function taken indiscriminately 
from amid the involved and inseparable links of the great chain of causes 
and effects ; for even when, by the strictest application of the inductive 
method, we have thoroughly investigated the most important factor of a 
process, we have by no means elucidated the process in all its bearings. 
Wo frequently enough encounter contradictory phenomena, which suffi- 
ciently show that we are deficient in the elements necessary for tracing 
the whole of these plicnomena in their causal connection. Such is the 
case here. If, for example, we w«re to draw the conclusion from these 
facts, that the process of oxidation could not bo accomplished in the ani- 
mal organism without the concurrence of free oxygen and an alkali, we 
should err quite as much as if we were to conclude from the same pre- 
mises that all oxidizable matters which have once reached the blood must 
be consumed, provided only there were enough oxygen and alkali present 
for their oxidtetion. The following examples will serve to show the 
erroneousness of such a deduction. Starting from the proposition above 
referred to, the opinion has been advanced that diabetes mellitus de- 
pends solely on the absence of the necessary quantity of alkali in the 
blood in this disease, and that consequently the sugar is no longer con- 
sumed in the blood (Mialhe). So far as my direct investigations of the 
blo6'd of diabetic patients extend, the most careful ash-analyses do not 
show that there is any such diminution of the alkali, nor do the analyses 
of the serum exhibit any diminution of the albuminate of soda. But 
as comparative analyses of this kind are attended with considerable 
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difficulty, and as the concurrent circumstances might possibly invalidate 
the correctness of this view, we will turn to other investigations connected 
with this subject. Bernard, who, as we have already stated, injected a 
solution of grape-sugar into the veins of dogs and rabbits, thought he 
could perceive that the sugar not only did not pass into the urine, but 
that the latter secretion was even rendered alkaline. Without including 
my previous experiments, which led to precisely opposite results, I have 
very recently injected grape-sugar, prepared from starch, into the jugu- 
lar veins of 37 rabbits and dogs but in no single instance was the pre- 
viously acid urine rendered ^Ikaline ; and in no single case was grape- 
sugar absent from the urine. Quantitative determinations showed that 
even O’l of a gramme of grape-sugar could be detected in the urine of 
a rabbit weighing 2,160 grammes. The greater part of this (0‘1 of a 
gramme) of grape-sugar passed into the urine, even when the rabbits had 
fed before and after its injection on cabbage-leaves, carrots, grass, and 
other substances rich in alkalies, and the alkaline urine of these ani- 
mals did not retain its alkaline character, notwithstanding the abundance 
of alkalies contained in the food, but acquired, in opposition to Bernard’s 
assertion, an acid and often a vei^ intensely acid* reaction. Finally, I 
convinced myself in two cases that rabbits into whose veins very small 
quantities of starcli^sugar had been injected (which might inpthcr cases 
be detected in the urine) did not voi<l any sugar, provided they had re- 
ceived no succulent food cither shortly before or after the experiment, 
and hence did not require to pass urine. A similar’result was observed 
when urine was artificially discharged by pressure or the region of the 
bladder. It appears that sugar can only be separated from the blood 
when there is an excess of watemn the latter, for it is only by the pro- 
longed continuance of sugar in the blnod that it can be thoroughly con- 
sumed ; but the urine here is not rendered alkaline, but strongly acid, as 
is always the case with fasting rabbits. The sugar, moreover, passes so 
rapidly into the urine that it may frequently bo detected five minutes 
after its injection (and that even when only 0*1 of a gramme has been 
injected). This rapid separation of the sugar from the blood, and its 
decomposition in this fluid, if from a deficiency of water it be retained 
sufficiently long, seem to favor the hypothesis that the cause of the ap- 
pearance of sugar in the urine is solely owing to the blood not being 
sufficiently rich in alkali to aid in the oxidation of the* sugar. With a 
view of determining this point, I injected caustic alkalies or their car- 
bonates, in association with grape-sugar, into the veins of rabbits ; but 
even in these experiments the wholly unexpected result cnsue(\ that, not- 
withstanding the caustic alkalies or their carbonates, the urine not only 
contained sugar, but also exhibited an acid reaction. "More exact and 
often-repeated experiments on rabbits afforded the following expla- 
nation of this remarkable phenomenon. When 1 ‘equivalent of sugar 
with 1, 2, or 3 equivalents of caustic potash or its carbonate, was in- 
jected, or when the sugar and potash compound artificially prepared 
from alcoholic solutions was injected in such quantities that 0*1 of a 
gramme of sugar reached the blood, the urine remained alkaline for at 
least ten minutes after the injection, becoming then decidedly acid, in 
^ Ber. d. k. Bachs. Ges. dcr Wiss. Jahrg. 1852. 
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which state it continued for at least five hours, even when the animals 
had been fed in the interval upon green food. In the seventh hour tlie 
free acid diminished when food of this kind had been taken ; it con- 
tinued, however, although in a less intense degree, when the animals had 
been kept fasting. In all cases, however, sugar could be detected in the 
urine from the first five minutes after the injection to the eighth, and even 
often to the eighteenth, hour. If in these cases the alkali does not act 
in the manner one might bo led to expect from the above hypothesis, the 
cause is to be ascribed partly to the circumstance that the alkali is re- 
moved from the blood more rapidly than the sugar, and partly, and per- 
haps mainly, to the fact of an acid being formed in the blood fas we see 
by the constant acid reaction of the urine after the injection of sugar) 
by which the alkali is saturated, and its action on the sugar thus inter- 
fered with. I have unfortunately been unable, from the small amount 
of material for investigation, to decide what is the acid which is thus 
produced, but it certainly is neither pljosphoric or hippuric acid. We at 
all events learn this much from these experiments, that no one perfectly 
correct chemical fact can enable us to foresee and correctly prejudge the 
result of chemical elfacts in the living body ; and it would, therefore, be 
no less unsuitable to endeavor to elucirlatc the m 3 \stery of life by rude 
chemical hypotheses, than it would be senseless to ba^iish chemistry from 
the sphere of vitality merely on account of some fesv unsuccessful ex- 
periments. The following experiments, which I have instituted in rela- 
tion to this point, will show the correctness of these views. On gradu- 
ally injecting very dilute solutions of tartaric and citric acids into the 
stomachs of rabbits and dogs (concentmted solutions must necessarily be 
avoided, as they always induce a morlm condition in the animals), the 
result to be expected would naturJtlly be ., that when the animals had been 
fed on oats only, or on some food equally poor in alkalies, the normal 
alkalinity of th6 blood wxmld be so much diminished tliat the sugar 
which had now been conveyed to the blood from the intestine or the liver 
would not he perfectly oxidized, and wmuld therefore pass into the urine in 
an undccomposed state. Tliis conjecture has not, lioAvever, been verified 
by my experiments. The urine docs not even exhibit any trace of sugar 
wdien attempts are mftde to remove the alkali from the blood by artificial 
means. Similar but variously modified experiments have also been made 
by Uhle,^ with precisely similar results. It Tvould, of course, be an 
utterly useless experiment to attempt to gain the same object by injecting 
acids into the blood. 

We must not, however, form too high an opinion of the oxidizing force 
of the blood, ho’wever important it may be to the entire animal economy. 
Thus, for example, we meet with numerous phenomena which indicate 
the co-existence of a deoxidizing process with the process of oxidation ; 
of these we need ofily instance the formation of substances so rich in 
sulphur as taurine and cystine, and of others so poor in oxygen as cho- 
lesterin, castorin, &c. The most striking illustration of this fact is 
aflForded by the well-known experiment, which has recently been con- 
firmed by one of my pupils, Ranke,® that the animal organism acts upon 
indigo in the same reducing manner as the hot or cold vat ; ordinary 
indigo blue is converted in the primae vim into sub-oxide of isatin 
1 Uiss. inaug. med. Lips. 18-52, p. 19. * Journ. f. pr. Chetn. Bd. 56, S. 17. 
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(reduced indigo), and may, when dissolved in an alkaline solution, pass 
through the blood without being perfectly oxidized ; hence it may reap- 
pear in an unoxidized state in the urine. If we observe the urine that 
is discharged after the administration of a few grammes of indigo, wc 
perceive that the fluid assumes a light blue color, which becomes gradu- 
ally more intense if it is shaken for a time in the air, until a blue sedi- 
ment of pure indigo blue is finally formed. This reduction docs not origi- 
nate in the urine itself, since the alkaline fermentation must be set up in 
the fluid before it can dissolve indigo. Tin’s urine, however, has always 
an acid reaction. If we had not the most evident proof before us that 
free oxygen was contained in the blood, an impliysiological chemist might 
consider himself justified in concluding from these jPacts, that oxygen 
cfinnot be contained in the blood eitlicr in a free or loosely combined 
form. Wc can only assume tliis much, tliat the process of oxidation in 
the blood does not possess any high degree of intensity, and that the 
manner in which the process is here accomplished is more involved than 
we should at first sight be disposed to believe. 

Although wc may not overrate tlie importance of the alkali in con- 
nection with the process of oxidation in the ]dood,'*thc above experiments 
might probably lead us to the erroneous conclusion, that no oxj(lati(in can 
take place within tlte organism, imlcpendently of alkalies. We call such 
a view erroneous, tor independently of the circumstance^ that it cannot 
be denied that a certain oxidation takes place in many acid fluids as well 
as in the substance of the organa, tbero are many points which indicate 
that other conditions may probably contribute to increase the oxidizing 
capacity existing in the blood, ^any of the salts of the organic acids, 
as for instance, the alkaline lactatejs, tartrates, and citrate^s, do not 
become so rapidly oxidized in the air, even when an excess of alkali is pre- 
sent, as the gallates or pyrogallatcs ; for if solutions of the salts be injec- 
ted into the blood, they not only become mud) more raj)idly oxidized 
than -would be the case externally to the animal body in the atmosphere, 
but almost more quickly than if the salts were directly incinerated (see 
vof. i. p. 97). Other substances again, such as salicin, the’ine, &c., are very 
rapidly oxidized in the blood, whilst they continue for a long time to 
resist the action of alkalies or oxygeq, when exposed to their influence at 
a temperature of 37® externally to the living organism. The rapidity 
and readiness with which so many substances are oxidized or changed in 
the blood cannot be solely referred to the simultaneous presence of a 
mass of bodies undergoing various metamorphoses, to any peculiar con- 
densation in which the oxygen occurs in the blood, or to any similai^ 
relations which control the effects of the alkalies ; but t^icy must rather 
be referred to conditions which we arc still unable to deduce from any 
definite physical or chemical processes, owing to thp extremely compli- 
cated nature of the chemical changes going on in the blood. We w ill 
herp only refer, by way of illustration, to that condition of oxygen in 
which it exhibits, as ozone, a far more energetic force of affinity. 

However much wc may differ from some of Schbnbeiu\s modes of ex- 
planation and the conclusions he deduces from his discoveries, the majo- 
rity of the results which he obtains are indubitable facts, whilst it is 
almost a necessary deduction from his most recent observations,^ that the 

* Journ. f. pr. Chem. Bd. 52, S. 135-140, u. Bd. 53, S. 321-331. 
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oxygen in the blood must undergo a change resembling that which it 
experiences when retained for some time in intimate contact with phos- 
phorus, oil of turpentine, &c. If we fail to recognize the presence of 
ozonized oxygen in the blood by the ordinary tests, as for instance, iodide 
of potassium with starch, &c., this is obviously no proof of its absence, 
for in the presence of a large number of oxidizable matters in the blood, it 
must necessarily disappear almost as quickly as it is formed. The recent 
investigations in physiology, which seem at length to approximate towards 
the solution of the mysterious connection between electricity and nerv- 
ous action, while they hold out a prospect of being able to determine 
more definitely the phenomena of free electricity in the animal body, 
render it more than probable, that the oxygen within the living body — 
if not in the blood, at all events in other parts — passes into this state of 
special attractive force, and that in this condition it takes part in the 
vital processes. At all events we*feol that Schdnbein’s admirable dis- 
coveries ought not to be disregarded by physiologists, notwithstanding 
the obscurity which still appertains to the principles from which w^e must 
deduce an explanation^ of these facts. 

But whatever difference of opinion Inay exist as to the more imme- 
diate relations in which the inspired oxygen combines in the body with 
individual substances, every one must admit the cori;pctness of Liebig’s 
ingenious hypothesis, that the alkalies in the blood promote and main- 
taifi the combustibility of tlie respiratory constituents of the food, and 
that they consecpiently serve as essential conditions for the maintenance 
of animal heat. In tlio absence of a positive proof of this proposition, 
we should not wlndly reject the negati^ evidence in its favor. We have 
often alluded to Wohler’s discovery, that organic acids, such as tartaric, 
citric, and gallic acids, when they had boon introduced in a free state 
into the body, reappeared unchanged in the urine after their passage 
through the organism, whilst their alkaline salts, under similar relations, 
are burnt wuthin the body. We cjinnot surely explain this fact, except 
by assuming that the presence of the alkali induces, in the one case, ^he 
oxidation of the organic acid, whilst in the other case, the free acid, if 
present in sufficient quantity, suspends the alkalinity of the blood, and 
consequently also its oxidizing capacity, until it is removed from the 
organism througli the kidneys. 

A series of experiments were made some years ago in my laboratory 
Qby R. -%Buchheim, now of Dorpat, among others) with the view of 
determining the quantities of alkaline carbonates, tartrates, citrates, 
^c., wliich are necessary to destroy the free acid of the urine, and fur- 
ther to ascertains the quantities of free tartaric or citric acid which must 
be taken at one* time to allow of a portion appearing unchanged in the 
urine ; but notwithstanding every attention to the quality and quantity 
of the food taken during equal intervals of time, the bodily exercise, and 
other physiological relations, these observations have failed in leading us 
to ahy sharply defined numerical results. In experiments of this nature, 
a number of conditions exert an influence, the determination of which is 
in part beyond the power or the calculation of the experimentalist. If 
we could succeed in determining these intricate relations, we should, at 
all events, have a check upon our calculations regarding the mechanical 
metamorphosis of matter in the animal body, in as far as the one series 
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of experiments shows the amount of the free acid which is excreted hy 
the kidneys from the body within definite periods of time, whilst the 
other series might enable us to determine, at least approximately, the 
quantity of alkali in the blood, and consequently also the amount of 
blood in the animal body. Although these experiments have not hitherto 
advanced the science of physiology, they promise to yield more certain 
results to therapeutics. As far as we are aware, the relations subsisting 
between acids and alkalies or the salts of the vegetable acids, and the 
reactions and constitution of the urine and the sweat, have not yet been 
considered from a physiological point of view. I’bysiology has not 
hitherto been sufficiently applied to medicine, whilst the pharmacolo- 
gist is ever striving to explain the presumed action of the most irra- 
tional agents by apparently rational means, and to defend their respec- 
tive applications. 

With the view of forming some estimate of the oxidizing capacity of 
the animal organism, I formerly turned my attention to the study of the 
metamorphoses which salicin undergoes in its passage through the body ; 
and I formerly inferred from the reaction which the urine cxhi))it3 
towards the persalts of iron after the use of sdlicin, as well as from 
other experiments, that the organism can only so far oxidize saligenin 
as to lead to the formation of salicylous acid. Studtcler waji led to con- 
clude from his experiments on the volatile acids of the urine of the her- 
bivora, that phcnylic acid passed into the urine, and that the blue e*ol(jr 
impai’tcd to the alcoholic and ethereal extracts of urine, induced by the 
salts of iron after the use of salicin depends upon phenylic acid. Ranke, ‘ 
who commenced under rny direqf;ion a more minute examination of this 
subject, has now obtained the undoubted result, that salicylic acid is 
formed in addition to salicylous acid"; he also obtained considerable quan- 
tities of phenylic acid by the distillation of the alcoholic extract of such 
urine with water. I have, however, not convinced myself that this acid 
is contained preformed in this urine ; it may very readily occur hero as 
a product of distillation. Phenylic acid exerts an extremely poisonous 
action, so that some symptoms of indisposition ought to manifest them- 
selves after the use of salicin, if this acid were formed from salicin ; such, 
however, is not the case. As it mi^ht be conjccffiired that phenylic acid 
was separated from the kidneys immediately on its formation, I injected 
the alcoholic extract of this urine into the jugular vein of a rabbit, but 
the animal exhibited no morbid symptoms whatever. 

I may here observe in reference to the decomposition of salicin in the 
animal organism^ that this substance, which, like amygdalin, is deconj- 
posed by synaptasc, does not behave in the blood in the same manner 
as amygdalin, which on being injected into the blood is not decomposed, 
and hence does not produce poisoning by prussic acid ; although when 
salicin is injected, a portion only passes in an unffltcred state into the 
uriine, whilst the larger quantity is decomposed in the blood ; for after 
the injection of salicin into the veins, the urine is affected in the same 
manner as after its introduction by the mouth. Sugar, which, as is well 
known, is formed in the decomposition of salicin by synaptase, cannot bo 
recognized in the urine, even when as much as 0‘943 of a gramme of 

' Op. cit. 
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salicin lias been injected into the blood. Ranke also found saligenin in 
addition to those acids in the urine, but no saliretin. 

The previous observations leave no doubt as to the function of the 
alJealitie carbonates in the blood, and we have already treated circum- 
stantially of carbonate of soda in the first volume of the present work 
(see pp. 392-394) ; we will, therefore, only observe, that these salts are 
able to maintain their function as agents in the process of combustion 
for an infinitely long period ; that is to say, an infinite quantity of or- 
ganic acids and carbo-hydrates may bo reduced by one and the same 
quantity of these salts into carbonic acid and water ; for scarcely is an 
alkaline carbonate decomposed by a substance of this kind, and deprived 
of its cai'bonic acid, before it is reconverted into a carbonate by the com- 
bustion of the organic substance ; hence we arc able to explain how the 
proportionally small quantity of alkaline carbonates which are present 
in the blood of the carnivora, and which are only very slightly increased 
or replaced by the food of such animals, should be sufficient to adapt 
the materials of respiration for oxidation. We shall revert to the alka- 
line carbonates and phosphates when we enter upon the more special 
consideration of the processes of nutrition and secretion. 

In treating generally of the distribution of chloride of sodhim in the 
animal organism (vol. i. pp. 387-392), we drew attention to the well- 
established fact that the (|[uantity of this salt varies very slightly in most 
of l^he animal juices, especially in the blood, and is restricted within 
tolerably narrow limits for each class of animals, being wholly indepen- 
dent of the nature of the food and of the quantity of this substance taken 
up with the food (sec vol. i. pp. 388, 569) ; we have also found that the 
quantity of salt in the excretions, and more especially in the urine, cor- 
responds very closely with the quantity in the food, whilst direct cxpei'i- 
ments have shown that this salt when it is injected into the blood, is 
rapidly excreted through the salivaiy glands, tlie mucous membranes, 
and the kidneys. Wo think that these well-established facts give great 
probability to the idea that this substance is necessary for the animal 
vital process. Even if we attach little weight to the instinct which Icafls 
certain domesticated animals eagerly to lick up the salt placed before 
them, and induces the natives of certain districts where salt is searce to 
barter slaves and gold-dust for this* substance, yet certain experiments 
on the quantity of salt contained in the blood, together with Boussin- 
gault’s investigations,’ sufficiently show that the use of salt with the 
ordinary food is an indispensable requisite towards the healthy condition 
of domesticated animals. Boussingault instituted experiments on tAvo 
lots of oxen (each consisting of three), one of which he fed for a month 
on food with whic'li salt hud been mixed, and the other on fodder con- 
taining no salt, and found by accurate weighing that the salt produced 
no effect upon the fortnation of the flesh and fat, or on the quantity of 
milk, but that towards the close of the period of observation the external 
appeuiranco and activity of the animals which were being fed upon food 
to wliijjh salt had been added were very superior to that of the animals ^ 
which were fed without salt, for the latter presented a less smooth and 

‘ Ann. de Chlm. et de Phys. 8mo Sir. T. 19, pp. 117-125, et T. 22, p. IIG ; or Gompt. 
rend. T. 25, p. 720. 
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sliining coat, "while their hair was mattcfl and in part fell off ; their gait 
was also heavy, and they exhibited a cold temperament. The util^y of 
common salt to the animal organism cannot therefore be questioned, and 
its importance is further shown by the fact, that during fasting, or when 
there is a deficient supply of nutriment, in diseases, as pneumonia, &c., 
the separation of common salt by the urine soon ceases, whilst in those 
cases in which the blood is deficient in this substance, all the chloride of 
sodium entering the organism from without is retained until the normal 
amount is restored. 

We have now, however, to consider the more difficult question of the 
manner in which chloride of sodium contributes towards the metamor- 
phosis of animal matter. Wo have endeavored to refer the importance 
of this salt to the peculiar relations which it exhibits towards the albu- 
minous matters of the blood and of the animal body generally ; and it 
seemed to us that its special use may be to dissolve the pure albumen 
(or scrum-casein of Panum),* together with the albuminate of soda, and 
thus render it amenable to chemical agencies. Liebig, has, however, 
drawn attention to a very important fact connected with this subject. 
Gluten is dissolved as readily as muscle-fibrin in water containing bydi’o- 
chloric acid (see p. 23!)), and is preci})itatcd from this solution not only 
by more hydrochhij’ic acid, but also by the addition of a solu,tion of chlo- 
ride of sodium of dess strength even than d}*. PVom these and similar 
experiments we may assume that the amount of common salt in animal 
fluids exerts a certain influence on the separation as well as the solu- 
tion of albuminous substances, although we ai*e unable to demonstrate the 
individual details with any great exactness. 

The mode of action of cliloride of sodium in the metamorphosis of 
animal matter was the more difficult to determine, as it was known to 
the chemists as an extremely indifferent substance, with very little ten- 
dency to form furthei" chemical combinations, urea and grape-sugar being 
almost the only substances with which it combines chemically. These 
two facts sufficed, however, to lead Liebig to a very ingenious view re- 
garding the function of this substance in the metamorphosis of matter. It 
is very probable that the union of ure.a with chloride of sodium may be far 
more intimate than its ready decomposition by re-«rystallization in water 
would lead one to conjecture. Thdis, for instance, urea is only imper- 
fectly separated by nitric acid from a moderately coneentrated aqueous 
solution, if chloride of sodium be present ; urea, moreover, occurs asso- 
ciated with chloride of sodium, even in positions where its presence would 
not be suspected, as for instance, in the crystalline lens of the eye, as 
was observed by Wohler, and in the sweat, according to the investiga- 
tions of Schottin and Favre. Liebig’s conjectures Aiay thci’efore bo 
perfectly correct, that the absence of urea as well as of common salt in 
the muscular juice, and the passage of urea into tL« circulation, and its 
excretion by the kidneys, have a close relation with the presence of 
chloride of sodium in the blood. 

Liebig observes, in relation to the combination of grape-sugar with 
chloride of sodium, that "wc are instinctively led to add salt to amylace- 
ous food (which during digestion yields much sugar) in far larger pro- 
* Arch. f. pathol, Auat. Bd. 3, S. 261. 
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portion than to other food. The saliva and the pancreatic juice, which 
mor jl especially conduce towards the conversion of starch into grape- 
sugar, contain a preponderating quantity of chloride of sodium in their 
solid constituents. 

Diabetic urine always contains, in addition to free grape-sugar, the 
compound of this sugar with common salt, and it frequently happens 
that this is the only compound which separates in crystals from diabetic 
urine. It is not, tnereforo, an irrelevant question to inquire, on the one 
hand, into the relation of the chloride of sodium to grape-sugar in the 
digestion of amylaceous substances, and, on the other, into its separation 
through the kidneys in diabetes. 

Slightly based as the assumptions may be, which can be deduced from 
the chemical affinities of chloride of sodium in reference to the purposes 
which this substance accomplishes in the animal organism, there are 
some facts which can only be explained by a decomposition of this salt 
in the animal body, and which may therefore throw additional light on 
its utility, in the animal economy. The most striking of these facts is 
the occurrence of free hydrochloric acid in the gastric juice ; at all 
events, it appears frook the most recen^ investigations of C. Schmidt 
that frep hydrochloric acid may be present in this secretion, without 
lactic acid of lactates. It certainly remains a mystery for the present hoAV 
this decomposition of the chloride of sodium is effected. Another less 
obvious, but not the less remarkable fact is, that even in the blood of 
herbivorous animals, which take up almost solely potash salts in their 
food, there are in every 4 parts of alkaline carbonate in the blood-serum 
at least 3 parts of carbonate of soda, and only 1 part of carbonate of 
potash, whilst in the muscular juice of carnivorous as well as that of 
herbivorous animals chloride of potassium is almost solely found. This 
fact, which was discovered and mainly established by Liebig, shows, on 
the one hand, that the chloride of sodium in the blood must necessarily 
undergo an interchange of constituents with the carbonate and phosphate 
of potash, and on the other hand, that nature has assigned very different 
parts in the animal organism to the alkalies which are otherwise so simi- 
lar when considered from a chemical point of view. Similar conclusions 
may bo deduced fronw the experiments made at Giessen on different 
terrestrial animals, which showed that the bile, notwithstanding a food 
rich in potash, contains a large amount of soda, which is combined with 
the biliary acids. The great persistence of this distribution of these 
two alkalies in the various animal juices precludes the idea that we have 
here to deal with a phenomena which is merely incidental. As we have 
already observed, it still remains for us to discover the properties to 
which the soda oVes its place in the blood-serum and the bile, and to 
explain the purposes which are effected by the accumulation of potash 
in the juice of the mtiscular and of all the contractile tissues, as well Cs 
in the blood-cells, the plastic exudations, and the yolk, &c. 

Thft constant presence in the blood of a tolerably uniform amount of 
chloric(p of sodium has led Liebig to the ingenious idea that this very con- 
stancy exerts an essential influence on the absorbing power of the blood. 
The assertion of Liebig that the constant amount of chloride of sodium 
present in the blood is an essential agent in the organic process of 
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absorption, must be universally admitted as correct by all who have 
witnessed even a single ’endosmotic experiment, and who are moi^ovcr 
well aware that the substances which are actually dissolved in the intes- 
tinal canal generally present a far less dense fluid than the blood, apd 
that the kidneys possess a property, which has not yet been explained, 
of immediately carrying off any excess of water that has entered the 
blood. If we further add the peculiar relation of acids and alkalies 
first noticed by Jolly and Graham in diffusion and endosmosis (see p. 
345), we shall be disposed, with Liebig, to admit that in the animal body 
are united all the conditions for rendering the circulating system, by 
means of the blood, a most perfect suction-pump, which performs its 
duties without stop-cocks or valves, without mechanical pressure, nay, 
without regular canals or passages for the transmission of the fluids. 

In conclusion, we must again refer to the remarks which have been 
previously made (vol. i. p. 390, and vol. ii. p. 283) in reference to the 
influence of chloride of sodium upon the development of cells in secre- 
tions and exudations. Amongst the latter we found that the most plastic 
were those which contained soluble phosphates and potash-salts, together 
with moderate quantities of chloride of sodium, *whilst those exudations 
which exhibited a tendency to the formation of pus-corpuscles and 
cancer-cells always contained very large quantities of chlorvde of sodium 
in addition to thdse salts. It was first observed by Heller,’ and subse- 
quently by Rcdtenbacher,® that in pneumonia, a disease, in which, the 
exudation is generally transformed into cytoi’d corpuscles (gray hepati- 
zation), chloride of sodium is constantly retained in the body, and can 
scarcely, therefore, be detected in the urine. We find, moreover, in 
mucus (a fluid which consists almost entirely of a humid mass of cells) 
the animal juice, which contains a* far larger quantity of chloride of 
sodium than any other animal fluid, whilst even in the cellular tissues as 
well as in the permanent cartilages and the still unossified bones, wo meet 
with the. largest constant amount of chloride of sodium. We also learn, 
from Frerichs® that the synovial fluid, which is so rich in cells and epithe- 
Iflim, contains a largo amount of chloride of sodium in solution ; and 
Schottin’s recent experiments on the constitution of the sweat have un- 
questionably shown its richness in this salt. When we consider that the 
scales of the epithelium of tho mucous membranes as well as of the 
epidermis are moistened by a fluid which is more richly charged than 
any other with chloride of sodium, and when we observe that the greatest 
amount of this salt is found in the structures which are richest in cells, 
we shall scarcely be falling into error if we seek to establish a very inti- 
mate relation between the presence of this salt, and the formation of 
cells. Now the homy tissues and the hair, which Consist to a great 
extent, or‘%.lmost wholly, of cells, contain no very .large amount of 
common salt ; but this fact does not prove that* the presence of this 
substance is^mmaterialto their formation; for the cells of the hair and 
other horny tissues are either atrophied or destroyed, whilst those of 
the cartilaginous tissues are still fresh, and hence serve to convey chlo- 
ride of sodium. If the presence of this salt be necessary for the 
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development of the horny tissues, and especially of the hair, we have a 
simple explanation of the fact observed by Boussingault in his experi- 
ments, that the growth of the hair was injuriously aflectcd in those cattle 
which were fed without any admixture of salt in their fodder. 

In respect to the other mineral constituents which occur in the animal 
body, we need only refer to what has been stated in reference to this 
subject in the first volume, since they take a less important part in the 
more general functions of life. 

Now that we are approaching towards the termination of the general 
considerations of the arrangement of the most important chemical sub- 
strata observable in the metamorphosis of matter, we are forcibly 
reminded of the ancient saying of Aristippus, that the most probable is 
often untrue, and the most improbable true. If we are correct in form- 
ing a low estimate of the amount of our jwsitivu knowdedge, we ought 
to exercise extreme caution in the selection of the by which 

we regulate our judgment regarding the positive results of our observa- 
tions and experiments. In our application of chemistry to physiology, 
we must be especially mindful of the fact that most of the fundamental 
propositions which at the present time have attained to a general recog- 
nition in chemistry, by no means possess such a degree of scientific, or 
rather of logical, exactness as to place them beyond all dispute. We 
must not forget that chemistry, like medicine and flicology, although 
perhaps in a more limited degree, possesses a dogmatism of its own. 
Hoav many of the modes of consideration which are now valid in scien- 
tific chemistry, are the mere provisional modes of expressions of certain 
groups of phenomena, whose analogy is obvious, but whose internal connec- 
tion and relations of causality are alike incomprehensible and unknown ! 
A chemist of the old school would be indignant if any one were to hint at 
the faintest doubt of the correctness of the hypothesis that chcniical com- 
binations can only be effected in accordance with definite numerical pro- 
portions, or should venture to assert that gradual metamorphoses, which 
are alike independent of mathematical laws, and perfectly foreign to 
the ordinary chemical affinities, might run their course in the highest 
spheres of vitality. Yet every chemist who regards chemistry and 
j)hysics as inadequate for the science of life, and on that account deems 
it necessary to call vital forces to tiis aid, must of necessity admit the 
cogency of these Vloubts ; for experiments have alike failed to show that 
albuminous and histogenetic substances generally are constituted in ac- 
cordance with perfectly definite numerical relations, or that any super- 
vising agent has been appointed to control the economy of the living 
organism. 

We need not, liowever, encroach upon the sphere of vitality to show 
the uncertainty and purely dogmatic nature of many of the more gene- 
ral principles of chemistry. Many principles which have been esta- 
blished, and are highly useful in investigation, are utterly (Jevoid of any 
theorlSlical basis ; for many methods have been sanctioned by chemical 
use which would not stand the test of a logical inquiry. Thus, for instance, 
no one hesitates to employ predisposing affinity as a means of explana- 
tion, although this is nothing more than the personification of an obscure 
idea. Does not affinity in the mass contradict^the fundamental idea of 
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clicmical affinity ? We do not speak of tfie theory of the organic radi- 
cals, for the constant alterations and the uninterrupted modifications to 
■which this theory has been subjected, sufficiently attest the slight degree 
of stability w’hich it possesses. And has not the most prolific of all 
new theories, by which chemical science has been enriched to such an 
extraordinary extent with the most important facts — the theory of the 
conjugated compounds, notAvithstanding the noble experiments and the 
brilliant discoveries to which it has led — been in turn subjected to every 
form of modification ? 

We must therefore never forget, in applying our chemical ideas to the 
elucidation of vital phenomena, that the basis on which they are reared 
is far less firmly established than the fundamental propositions of physics. 
We find that even in physics new observations and discoveries arc daily 
being made, which long continue to excite our wonder before we arc able 
to reduce them to known physical principles. Hoav many futile attempts 
have been made to explain Leidenfrost’s experiments ! And arc there 
not many even at the present day who regard with Avonder the experi- 
ments of Boutigny V Is the doctrine of molecular attractions so a\'c11 
dcA'clopcd in physics as to preclude the possibility# of being further called 
in question ? It is only in the present day that we have had a direct proof 
of the motion of tljc earth afforded us by Foucault. Yet, how far is 
chemistry behind physics in its fundamental principles ? In endeavoring, 
therefore, to decide (questions of physiology in chemical modes of ,ex- 
pression, we cannot exercise too great caution in our deductions ; for we 
know but too well that in most cases we are only supporting one hypo- 
thesis by means of another, and that truth in chemistry is very often little 
more than an idea embodied in a systematic form. 

When, mindful of our fallibility, we once more review the character 
of the substances which nature employs to produce the most varied effects 
in the living organism, and to realize the most multifarious purposes, wo 
are struck here, as everywhere, by the wonderful simplicity of the means 
or the forces by which the world of external phenomena is maintained 
in .a state of incomprehensible alternation. There are only three groups 
of organic substances through which all the vital j)hcnoraena arc mani- 
fested, and even these groups exhibit the most important internal co- 
relations. May we not conjecture, although we are still unable to prove 
the fact, that members of the group of fats inay be formed, like those 
of the group of carbo-hydrates, from histogcnctic bodies ? And do not 
the members of the individual groups present such uniformity and analogy 
in their composition, and even in their properties, that the diversity of 
the processes to which they give rise is perfectly incomprehensible ? We 
arc thus obliged to have recourse to isomerism and polymorphism as a 
prop to our ignorance, and as the means of affording us at least some 
clue to the manner in which protein-bodies, which appear almost identical, 
can be exhibited under such numerous modifications of form, and can so 
variously influence the mechanism of the living organism. There are 
almost inappreciably small differences in the composition and qualities of 
the substances which, as far as we know, are most homologous with ethe- 
real bodies, viz., the fatty substances ; yet the different fats do not pro- 
duce the same or even analogous effects in the animal body. The carbo- 
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hydrates, which to a superficial observer might seem to be destined solely 
to undergo disintegration in the' animal body, exhibit the most various 
metamorphoses and subdivisions before they are fitted tq perform their 
part beneficially in the apparent intricacy of the vital phenomena. 
Potash and soda, for instance, are substances which the chemist finds it 
extremely difficult to keep asunder in his systems, and which frequently 
appear to replace one another in the mineral kingdom j yet they are em- 
ployed in life to maintain the most strikingly opposite conditions ; whilst 
carbonic acid, the weakest and most volatile of all acids, is occasionally 
made to perform the same service in the organism as the powerful and 
solid phosphoric acid. 

It might here be asked whether nature has not employed forces pecu- 
liar to itself in regulating, with these few means, the internal economy 
of animal life, while we are admiring the insignificant expenditure of 
force which is* required to convert these changeable bodies from one 
form to another. When we see how readily the largest quantities of 
starch or cane-sugar are converted into grape sugar by almost inappre- 
ciable quantities of diastase or of acids, — ^when wo further bear in mind 
what slight means suffice to convert oxide of ethyl into methyloxalic acid, 
or oxide of amyl into valyloxalic acid,*^ — and when, finally, we consider 
the various^ modifications which the protein-bodies experience under the 
action of the ordinary atmospheric influences, causing^them even in some 
cashes (as we see in putrefying cheese) to be partially regenerated, — we 
can scarcely conceive that any special expenditure of force is necessary 
to move these masses in the manner indicated. Although we must not 
suppose that isomerism and polymorphism, or even the laws of ordinary 
chemical affinity, are able to afford a true explanation of these metamor- 
phoses and modifications of known* materials, it cannot be doubted that 
the same forces are employed within the sphere of life as those which act 
in the external world, and that a very slight increase of intensity is alone 
necessary to produce the effects which we perceive in life. If, however, 
the organism requires so slight a development of force to effect these 
changes in matter, we shall hardly deem it necessary to assume the exis- 
tence of a special force of great intensity and applicability to effect the 
evcr-marvellous moveeicnts of organic matter ; out are rather led to the 
belief that the same simplicity which nature exhibits in the use of ma- 
terial means, is unfolded 'on a grander scale in the application of her 
forces. 


DIGESTION. 

As in the present'volume of this work, we have treated of the different 
juices which take* part in the digestive process, and have attempted to 
deteftnine the functions which nature has assigned to each of them, it 
migh*> appear advisable, before j^viewipg this process as a whole and in 
a general point of view, to examine more closely the objects of digestion, 
that is to say, the nutrient matters themselves in their relation to this 
process ; but as we have there assumed that the reader possessed a general 
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knowledge of the subject of nutriment, it will here he our best cdurse to 
discuss the process itself, before entering upon the digestibility of indi- 
vidual articles of food, and the action of the various digestive agents 
upon them. 

From the earliest period at which it was attempted to apply chemistry 
to physiology, and to afford a scientific explanation of the animal pro- 
cesses, it has been ‘believed that the digestive process, sooner than any 
other, would be more or less elucidated by these means. Every one 
recollects that the iatro-chemical school based a great part of their phi- 
losophy on the facts which they believed that they knew regarding the 
digestive process. Since then scarcely any department of the physio- 
logy of vegetative life has been made the subject of such brilliant scien- 
tific labors as the digestive process. It is needless to name the great 
work of Tiodemann and Gmelin, for even to the present day we con- 
stantly find in this rich treasury of admirable observations, fresh motives 
to new experiments and to new views ; witness* the numerous meritorious 
investigations which have been pursued in the Giessen laboratory, on the 
chemistry of the juices, and Of the materials on which they act. The 
barbarous experimental physiology of the French^created new ways and 
means, in order to penetrate into the obscure mystery of the digestive 
process. The very Aames of Blondlot and Cl, Bernard are indelibly asso- 
ciated with the ideas of well-directed vivisections, performed with extra- 
ordinary dexterity. Science has scarcely had time to rejoice over the 
admirable monograph of Frerichs (written under the superintendence of 
Wagner) when reports reached us of wonderful discoveries emanating from 
the Dorpat laboratory, and thr^ing an unexpected light on many points 
connected with the digestive process. , 

But if, in such a department as this, where we seem to be dealing with 
the most direct actions of chemical forces, we are obliged to admit that 
the reftults which to-day we appear to have obtained by the most direct 
experiment and the most positive observation, are to-morrow rendered 
doubtful by other experiments and other observations, we should at all 
evdhts, learn to exercise caution in expressing our opinion even on appa- 
rently the most exact observations. Did it not amiear to be an estab- 
lished fact that lactic acid is alway§ present in xhe gastric juice? — 
and yet, in many cases, C. Schmidt has demonstrated its absence and 
the presence of free hydrochloric acid ; and even at \he present time 
does not Blondlot still retain his earlier view regarding the presence of 
acid phosphate of lime in this fluid? Who could expect that after 
Bernard’s most recent experiments on the influence of the pneumogas- 
tric nerves on gastric digestion, their influence would bejlisproved, or, at 
all events, rendered questionable by the most positive exmriments ? 
When fat is brought in contact with the pancreatic juice, French ob- 
servers recognize its immediate disintegration into fatty acids and glyce- 
rine, while* Armans cah scarcely perceive that the two substances form 
even an emuMOn. To speak candidly, we are unable to find any motive 
for the action of the bile, or for its Infusion into the intestine, from the 
many conflicting opinions bn the subject, all of which, however, have 
been deduced from observations ; and do we even to thufday know what 
actually becomes of the resinous biliary acids in the intestine ? Who 
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could have anticipated from our previous knoTrledge, that an isolated 
loop of intestine, with its slightly alkaline contents, would be able to 
digest flesh ? and finally, what rich although as yet inexplicable results 
may we not hope to obtain from Ludwig’s continued experiments regard- 
ing the infiucnce of the nerves on the secretion of the digestive juices ! 
In short, the intestinal canal always presents itself to us as the scene of 
a number of highly mysterious processes, and our ideas still range unsa- 
tisfied around the as yet unopened portals of this almost impenetrable 
subject. Hence, if we see even the most acute investigators rapidly pass- 
ing from one view to another, we must recollect that what we regard as 
true is in this case always dependent on the stage of development which 
scientific inquiry has attained at the time. 

In the digestive process, as in many other phenomena in the living 
body, it might fccm possible to anticipate the laws according to which 
these processes, which are still obscure to us, run their course ; but we 
are as little able to draw any conclusions regarding the causal connec- 
tion of the phenomena as regarding the primary object of each percep- 
tible action. Hence we must rest satisfied, according to the manner of 
our forefathers, with a*mere representalion, when we are unable to appre- 
hend the internal connection of diflerent phenomena. Thus wo have 
such a representation when, for instance, we compare the digestive canal 
with its minutest absorbents to the roots of a plant, ‘and then show that 
the animal carries about and contains within itself the roots or radicles 
by which it absorbs its proper nourishment, while the plant is firmly 
rooted in the soil from which it draws its nutriment. The more striking 
and apparently applicable such a pictufO may at first sight appear, the 
more glaringly obvious become the differences on closer investigation, 
and hence we may perhaps be perfnitted to devote a few moments to the 
consideration of the above comparison. If, in the first place, we take 
into consideration the radicles, which in the higher animals pass into the 
internal surface of the intestine, we come upon the capillaries, which 
envelope the whole canal with the most delicate network, and then upon 
organs which in their finest ramifications terminate blindly in minute 
projections of the inner surface of the intestine, and seem to be specially 
designed for the purpose of absorption : besides these iunumerable media 
for absorbing the soluble substancdls from the chyme, we likewise find in 
the intestinal tube certain glandular or capsular organs, which according 
j;o recent views are regarded as being connected with absorption rather 
than with secretion. 

At the first glance it might appear inappropriate to begin our con- 
sideration of the digestive process with its actual termination, that is to 
say, with absorj^tion ; but independently of the fact that we have already, 
in the first volume, entered somewhat fully upon many subjects having 
reference to digestibn, in our remarks upon the digestive juices, we are 
the more resolved to commence here with the finiu result, inasmuch as 
we d<an thus better take a general review of the whole process. If b^ 
the term digestion we understand that process by virtue of which nutri- 
ment is transmitted, in accordance with chemical and physical laws, into 
the circulating system for the renovation of those portions of the organs 
which have become effete, — and if we further establish the fact, that by 
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digestion the food is reduced to a soluble state, or generally speaking, 
to such a condition that it is capable of being absorbed into the mass of 
the juices of the animal body, — we take the most natural starting-point, 
not merely for forming an opinion regarding the proximate object of di- 
gestion, but likewise for attaining a deeper insight into the different ac- 
tions and reactions between the food and the digestive juices. For if 
we only establish the proposition, that the intestinal absorbents possess 
no specific indwelling property totally different from other physical 
forces, and that they no more enjoy a distinct elective power than the 
radicles of plants, it obviously follows that in the various arrangements 
which occur in the intestinal canal in connection with the process of ab- 
sorption, the difference in the agents of absorption must correspond with 
the different physical and chemical characters of the substance to be ab- 
sorbed ; and this leads us to the idea, that food (whose nutrient power, 
moreover, has nothing to do with the question of digestion) stands in as 
close a relation to the organs of absorption as* to the solvent and diges- 
tive juices. The group of molecules entering into the composition of a 
substance, whether we consider the point chemically or physically, must 
regulate its general behavior in relation to the agents concerned in di- 
gestion as well as in absor2>tion ; and hence the agents concerned in di- 
gestion, that is to Say, the juices effused into the intestinal* canal and 
the organs of absorption, must necessarily stand in a far closer relation 
to one another than has generally been supposed to be the case. If, for 
instance, we attempt to classify the articles of food according to the 
manner in which they are absorbed in the intestinal canal, such an 
arrangement must coincide priStty closely with the changes which the 
different articles of diet undergo through the different digestive fluids. 
Hence it would be by no means an irrational proceeding, if we divided 
the different articles of food, first, into such as are introduced in a state 
of solution into the intestinal canal, and consequently are at once diffused 
and distributed generally through the animal juices ; secondly, into such 
as are rendered soluble by the digestive fluids, and in this condition are, 
liktf the former, more or less diffusible ; and lastly, into such as, cither 
dissolved or undissolved, must be first metamorphosed by certain diges- 
tive fluids, and even if soluble, do npt undergo a simple diffusion, but 
are conveyed by some special routes into the blood and the body gene- 
rally — by routes on which they undergo certain, although perhaps small 
changes before their entrance into the blood. 

If, therefore, we would study the digestive process in the more highly 
organized animals, and would not merely consider the food in connec- 
tion with the juices to whose digestive action it is submitted, but also in 
reference to its passage into the blood, we must especially take into con- 
sideration the organs of digestion, and the laws pr conditions under 
which absorption proceeds. If further it would appear that the mecha- 
nical arrangements which are exhibited in the organisms of the higher 
animals for the purpose of aiding the chemical actions of the digestive 
fluids, and of promoting the transition of the materials prepared for nu- 
trition into the general mass of the juices, do not directly pertain to the 
department of physiological chemistry, we must not overlook the fact, 
that on the one hand, no definite limits can as yet be drawn between the 
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actions of affinity and purely mechanical molecular motions, and on the 
other, that a scientific comprehension of the whole process from a purely 
chemical point of view would be impossible. If we here recur to the 
previous comparison between the absorbing organs of the intestinal tract 
and the roots of the higher plants, it at once follows that it is only a 
system of organs for resorption that can be compared with the roots of 
plants, and mat even here the similarity is less between their mechanical 
configuration than between the laws according to which the absorption 
proceeds. These resorbing organs are the minute capillaries which run 
through the whole intestinal canal, almost from its beginning to its ter- 
mination. 

In the root-fibrils of the higher plants, whose leaves, twigs, stems, and 
coarser roots are, as is well-known, invested by a membrane that pos- 
sesses only little permeability for liquids, we find no canals or special 
organs corresponding to our ordinary ideas of absorption, but rows of 
cells which from the delicacy of their walls are specially adapted to en- 
dosmotic actions. It requires no very profound knowledge of vegetable 
physiology to comprehend that during the life of a plant, and even for 
some time after its ddath, the cells of »the root-fibrils continue to have 
the opportunity of absorbing water and aqueous solutions from the moist 
soil surrounding them, while they continue to be deptived of this fluid by 
the cells lying immediately superior to them. If We only consider the 
*en«.rmou8 evaporating surface which plants present in their leaves and 
their stomata, and how these organs are exposed to relatively higher de- 
grees of temperature and a perpetually varying atmosphere, we shall 
readily perceive how the juices occurring in the leaves and in their vici- 
nity gradually become concentrated, and how the cells enclosing them 
must collapse if those in their immediate vicinity do not transfer to them 
a portion of their water ; their own fluid contents thus becoming more 
concentrated, and a necessity for a continuous transmission of a similar 
kind downwards to the cells of the root-fibrils being thus established. 
At certain periods the formation of organic matter from the previously 
liquid or gaseous nutrient matter of the plant may also, in no slight de- 
gree, contribute to the increased concentration of the cell-juices, and may 
thus react on the abSiorption through the roots. Finally, if we bear in 
mind that the cells contain solutions of protein-substances, dextrin, sugar, 
&c., substances Which possess far less dilfusibility than the salts which 
are contained in the moisture of the soil, we are compelled to admit that 
plants*present all the conditions necessary for calling into play the most 
active endosmotic currents, and that the terminations of the roots are 
excellently adapted for the most abundant absorption. The admirable 
experiments of Hales may serve to corroborate the correctness of the 
view, that it is only mechanical laws which are here in force, although 
some individual points still require elucidation in respect to the process 
of absorption through the roots. 

have already taken an opportunity of remarking that the capilla- 
ries, '#hich form a network around the intestinal canal, constitute the 
medium through which a great part of the fluid portion of the intestinal 
contents is absorbed. We see that here also the known mechanical laws 
suflSce to explain the absorption by capillaries and veins, and we may 
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readily convince ourselves that the same laws of endosmosis here come 
in question which guided us in our explanation of the absorbing capacity 
of the roots of plants. We here refer less to the systems of cells, be- 
tween whose contents endosmotic currents are established, than to the 
cylindrically shaped membranes in which a tolerably concentrated fluid 
is continually moving forward — an arrangement which is far more favor- 
able to endosmotic motion than the rows of minute closed sacs which 
constitute the vegetable cells. We have already mentioned (see p. 364) 
that the blood, as compared with the fluid contents of the intestine, is 
so concentrated a solution that the chief current must be directed from 
the intestine towards the capillaries, and that this direction roust more- 
over be always maintained in consequence of the intestinal fluid gene- 
rally containing free acm. While we must admit, from these few ex- 
perimental propositions on endosmosis, that this mechanism in the intes- 
tinal canal exerts a suction or pump-like action, we must moreover take 
into account that the denser fluid of the capillaries is constantly flowing 
onwards, whilst the liquor sanguinis, which is attenuated by endosmosis, 
is replaced by a fresh and denser blood-wave. Kiirschner* has demon- 
strated by an excellent experiment, which easily admits of repetition, 
the extraordinary manner in which this process favors endosmosis. We 
must take a cleaned portion of small intestine (that of a rabbit, for in- 
stance), and place it in a basin filled with a solution of sulphocyanide of 
potassium, in such a manner that one end of the intestine hangs o.vcP 
the edge, while, by the aid of a funnel, we gradually pour a moderately 
dilute solution of perchloride of iron into the other end, so that a current 
of the solution of the salt of iron continuously runs through the gut lying 
in the solution of sulphocyanide of potassium. When the two fluids which 
are separated by the anim§l membrari’e are relatively at rest, more of the 
sulphocyanide of potassium passes into the perchloride of iron than con- 
versely (as may be readily seen by the deeper red color of the fluid on 
the side of the perchloride of iron) ; if, however, the solution of the per- 
chloride of iron only run in a slow current, we observe that the solution 
of '«ulphocyanide of potassium is far less colored, while if it run through 
the membranous tube in a very rapid stream, we can scarcely observe 
even a faint red tint in the solution of sulphocyanWe of potassium. 

If we observe far more favorable Conditions in the sources of absorp- 
tion in the intestine than in the roots of plants, this i^ mainly owing to 
the circumstances by whose reaction the continuance of the absorption 
is controlled. It need hardly be observed that the rapid absorption of 
aqueous fluid would very soon thin the blood and the whole mass of the 
juices to such an extent as finally to put a stop to any further endos- 
motio action. But the animal, and more especially the human body, 
presents two means for removing the excess of water from the blood; 
one of these is tolerably analogous with what occurs ^n vegetables, whilst 
the other is peculiar to certain of the higher animals, including man. 
Like the leaves of plants, the lungs, and in part also the skin of animals, 
present so large an evaporating surface to the atmosphere, that here, as 
in the leaves, an extraordinary quantity of water is volatilized. Accord- 
ing to Lindenau’s approximate calculation, the surface of ^he lungs of an 
> HandworterBuch der Physiologie. Bd. 1, S. 64. 
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adult man amounts to 2,642 square feet, whilst the surface of the skin 
cannot be estimated at more than 12 square feet, and even if we assume 
the area of the much-plaited internal surface of the intestine to measure 
24 square feet, the excessive difference between the absorbing and the 
evaporating surface will be sufficiently manifested to elucidate this admira- 
bly contrived mechanism. The evaporating surface is not, however, so 
readily exposed to the air in animals as in plants ; for, even under ordi- 
nary circumstances, largo portions of the evaporating membranes are so 
closely approximated and even collapsed together, that they are ren- 
dered almost inefficient ; for the pure, comparatively dry atmosphere 
does not come in direct contact with these evaporating surfaces, but 
in general only a mixture of air considerably impregnated with aqueous 
vapor. To this we must add, that the ingestion of fluid food is, to a 
certain extent, a voluntary act in animals, and hence a much larger mass 
of fluid may be readily conveyed to the intestine than the pulmonary 
and cutaneous evaporation can remove, — a circumstance which might 
readily induce a disturbance in the whole mechanism. Finally, we 
must remember that a large quantity of water is generated in the animal 
eVen by its vital procouses, which must, contribute towards the attenua- 
tion of the juices, whilst organic substances are generated in the plant 
by the decomposition of water, and the juices of the cells are thus ren- 
dered more highly concentrated. 

Pwing to these relations, it may readily and frequently happen that 
the evaporation is insufficient to counteract the absorption in the higher 
animals ; and to meet this condition, we find in these animals a mechan- 
ism which we are at present unable to explain, but the purpose of which 
is to remove, in a fluid condition, the excess of water from the blood. 
We need scarcely refer here to th6 part taken by the kidneys in accom- 
plishing this function in the higher animals, although this is absent in 
birds, which drinlc only little fluid, whilst they exhale a large quantity 
of aqueous vapor during rapid evaporation, and in the lower animals, 
which do not drink, and exist under peculiar relations. 

This brief notice of the mechanical relations existing between evjlpo- 
ration and the ingestion of fluids into* the animal body, is sufficient to 
show that by the clearer exposition of several physical laws, with which we 
are still but imperfectly acquainted, we have made an important advance 
towards the knowledge of the mechanical effects exhibited in the animal 
body. The processH)f absorption appears to be so wonderfully simple in 
all its details, that we can scarcely comprehend at the first glance why 
nature has thus superfluously added to the capillaries other and special 
absorbing vessels, namely, the lacteals. Whilst in a past age the transi- 
tion of fluids frbm the intestine to the kidneys was conjectured to take 
place through *^\vi<B elandestince^'' we may now exatnine the ^^vica aper- 
to*,” through which ‘che liquefied nutrient matter passes into the blood, 
and which, although not entirely devoid of purpose, appear to us almost 
superfluous when we remember the power of absorption possessed by the 
bloodi^ssels. Our knowledge of this fact should teach us not to over- 
look those phenomena which we cannot freely deduce from the known 
propositions of the statics and dynamics of molecular motions, and should 
remind us that cases very frequently occur in physiological as well as 
pathological conditions, where the capillaries will appear to be either 



ABSORPTION. 


375 


unsuited or inadequate for the purpose of absorption, when judged by 
the endosmotic actions with which we have already become acquainted. 
It too often happens, that when a beautiful physical discovery has been 
made, it has been hastily applied to all analogous relations in the living 
organism, without considering that the sum of the existing conditions 
must give rise to the most various modifications of the newly discovered 
physical proposition. Thus, for instance, on considering more carefully 
the process of resorption through the intestinal veins, we are struck by 
a succession of contradictions, which do not admit of being referred 
simply to known endosmotic relations. We shall meet with a conside- 
rable number of substances which, although they arc extremely soluble, 
and occur in very dilute solution, are unable to enter directly into the 
intestinal capillaries, while there are many substances which only reach 
the blood indirectly through the lacteals. Although such facts as these 
strike us at the first glance as singular, we must not forget that the re- 
lations existing between the dissolved parts oj^the intestinal contents and 
the veins of the intestine are less simple than the above description 
might lead us to infer. These fluids, and the walls of the intestinal 
capillaries, are separated by at l^ast one dense layer of epithelial cells, 
which are further surrounded by a more or less dense network of fila- 
ments of connective tissue. We are unable at the present time to deter- 
mine what modifications these thick layers of organic matter induce 
through the results of endosmosis, and consequently also of absorptjoiii 
but that they do effect such changes has been proved beyond a doubt 
by numerous experiments on endosmosis, which agree in showing that an 
endosmotic motion is succeeded by numerous alterfttions depending upon 
the thickness of the membrane, its morphological and chemical character, 
the chemical constitution of the fluids between which the interchange is 
going on, &c. We know that the difference between an#nal membranes 
exerts an essential influence on the endosmotic process, although we 
are still far from knowing how a mucous membrane, a serous membrane, 
&c., is able to induce or to modify an endosmotic process. We know, 
fiffther, that external pressure powerfully influences endosmosis ; and 
Liebig’s beautiful investigation affords an example how, in consequence 
of different pressure, we obtain an opposite result* from what the funda- 
mental principles of endosmosis wcflild have led us to expect ; but we 
are not acquainted with any mathematical connection between the amount 
of the pressure and the velocities of endosmotic motion. The influence 
exerted by the force of different pressures is of the greatest importance 
in the process of absorption by the ^intestinal capillaries, for we need 
scarcely observe that the pressure to which the blood is exposed in the 
capillaries must contribute very essentially towards the'abundant absorp- 
tion of matters froth the dilute solution of the chyme-ponstituents. If 
.we know the law of endosmosis, in its simplest expression, we are still 
totally unable to classify, according to simultaneously prevailing condi- 
tions and definite general formulae, the differences of its actions. Not- 
withstanding the efforts of the most distinguished inquirers, such as 
Poisson, Magnus, Briicke, Liebig, Jolly, Ludwig, &o., we have no com- 
prehensive theory of endosmosis ; yet without such a theory we are as 
little able to comprehend the causal connection of the complicated endos- 
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motic processes exhibited in the living body, as to deduce d priori the 
result of certain endosmotic effects depending upon definite external cir- 
cumstances. We cannot hope to establish a theory of endosmosis before 
the laws of the diffusion of liquid fluids discovered by Graham have been 
elucidated, and the influence of the different nature of porous interme- 
diate walls upon diffusive fluids, that is to say, the relation between diffu- 
sion and endosmosis, together with all the circumstances by which the 
latter is determined, has been adequately investigated. Not until then 
will it be possible to prove or refute the co-operation of the vital capaci- 
ties of the organs during absorption. If, however, we still continuously 
encounter a number of phenomena in the living body, which seem to be 
at variance with the endosmotic laws with which we are at present ac- 
quainted, and if many interesting experiments (as, for instance, those of 
Biicker^) still appear to defy explanation by simple molecular motion, 
this merely proves that we are still deficient in the physical knowledge 
necessary fbr the comprehension, in a physical sense, of the causal con- 
nection of such phenomena. Wo are further taught that, in order ade- 
quately to comprehend the mechanism of absorption, our first task ought 
to be that of accurately examining the physical conditions of endosmotic 
actions, and comparing them with the relations which exist in the living 
body. A great step forwards in science is, however„^lways made, when 
we arrive at a clear conception of the problems whichiwe are especially 
lulled upon to solve. 

As we cannot discover the slightest logical justification in the still 
imperfectly elucidated processes of absorption for the assumption of vital 
forces having the power of directing one substance hither and another 
thither, or of taking up what is useful and rejecting what is noxious, we 
are thrown back upon the proposition from which we started, namely, 
that the capacidjy of a substance for absorption stands in the same inti- 
mate relation to its chemical quality as all its essential qualities do to 
one another (compare vol. i. p. 867). If the capacity of a substance for 
absorption be not a mere irrelevant property, those substances which are 
exposed to similar relations of absorption must generally present very 
definite analogies with one another ; the capacity for absoi’ption does 
and must always coin^de with certain others qualities in the same sub- 
stances. We will here only refer, by way of example, to a group of pro- 
perties exhibited, by soluble bodies which stand in the most intimate 
relation to one another for each individual body. It cannot surely be 
denied that the degree of solubility of a substance stands in a definite 
relation to the coefficient of condesisation occurring during solution ; and 
who, moreover, could venture to question that the diffusil^ity of a sub- 
stance must stand in certain relations of dependence to its solubility ? 
and do we not proclaim our belief in the intimate connection between 
endosmosis and the ^diffusion of fluid bodies, when we regret that we 
should hitherto have followed a wrong direction, and studied the more' 
oompltcated processes of endosmosis before we had attempted, as Graham 
has now done, to refer the phenomena of diffusion to definite laws? Our 
knowledge is indeed not yet so far advanced as to enable us sharply to 
define these conditions and relations of dependence, or the connection 
‘ Rheia. Monatssobrift. 1849, S. 754-769. 
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existing between these different properties ; but, at all events, this much 
is clearly shown, that all these properties are not merely connected 
together, but that they are also placed in the most intimate connection 
or relation with certain fundamental qualities in each individual sub- 
stance. The undeniable importance which this relation of the integral 
properties of a substance must exert upon it during its entire passage 
through the animal body, must serve as our apology for entering some- 
what fully into this question. It has generally been customary to under- 
stand by the term solution simply a uniform distribution of the mole- 
cules of the dissolving substance amongst the molecules of the dissolving 
menstruum ; and on this account it has been proposed to apply the term 
dissolution^ {AuflUsung) to those cases in which the solution {LUsung) 
is evidently accompanied by simultaneous chemically attracting forces. 
But, in point of fact, such a distribution of the molecules of a solid body 
amongst those of a fluid never occurs, as far as our knowledge at present 
extends, unless we at the same time ebserve, on comparing the sum of 
the original volumes of the substances to be mixed with the volume of 
the mixed body, that the entire volume has been diminished by conden- 
sation. The merit of having confirmed this fact appertains to C. Schmidt, 
who has also determined for many substances the degree of condensation 
exhibited in their solution in certain quantities of water, that is to say, 
their coefficients of condensation (see vol. i. p. 409). Schmidt is there- 
fore disposed to assume the existence of a chemical attraction even i]| 
the solution, and a “ hydratation” in the case of a solution in water. If 
we conceive the idea of chemical affinity in the more limited sense which 
has hitherto generally been attached to it in chemistry, and continues 
for the most part still to prevail, we do not think that the condensation 
which is here observed affords any stringent proof of the activity of che- 
mical attraction in simple solution. We may certainly .give any wider 
extension that we please to the idea of chemical affinity, l»ut a narrower 
and stricter limitation of an idea can never do any injury, and cannot in 
the present case be without a certain significance. The mere condensa- 
tion of two bodies when they are mixed, is no argument for their chemi- 
cal combination ; for if we arc unwilling to admit that the condensation 
of gases on the surfaces and in the pores of solid bodies presents a proof 
against this view, Fettenkofer’s admirable investigations on metallic 
alloys must convince us that, in addition to condensat^n, a development 
of light may occur, together with an altered condition of many physical 
properties, without the occurrence of any true chemical combination. 
An attraction for the water is manifested when a solid body becomes 
fluid ; an attraction is manifested when a solid body, having thus become 
fluid, undergoes condensation with the water ; forces •of attraction are 
manifested when different substances require different periods of time in 
order to spread or diffuse themselves through a given volume of water. 

It might, therefore, be conceived, that the degree of this attraction, 
manifested in the solution of a solid body in water, would admit of deter- 
mination, either by comparing together the quantities of the bodies which 

* [I merely use this word for want of a better. We have no two words which bear 
precisely the same relation to one another as the two German words. — o. n. n.] 
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are able to absorb a definite quantity of Avater, that is to say, by deter- 
mining the degree of solubility ; or by the calculation of the coeflBcicnts 
of condensation, using the quantities of the heat that is developed as a 
controlling check ; or that we might ascertain the readiness with which 
a substance is disposed to diffuse itself during perfect rest through a 
larger quantity of water. It might be supposed, that as all these three 
momenta speak in favor of an attraction between solid and fluid bodies, 
the degree of this attraction might be calculated from the difierent quanti- 
ties obtainable by the three methods of investigation, and that one method 
must control another. Such, however, is not the case. It must be 
regarded as one of the theoretical deficiencies of chemistry, that the 
degree of solubility of substances has not yet admitted of being brought 
into dcfinite'Velations to their chemical constitution, or even to any other 
of their properties. Even the coefficient of condensation cannot be 
regarded as a standard for the amount of this attraction between water 
and a solid body ; for evep in the attraction which regulates the chemi- 
cal combination, it is of no consequence in reference to the determina- 
tion of its amount ; nor has any definite relation been discovered be’tween 
the modulus of condensation of these bodies and any one of their integral 
properties. Even the degree of diffusion of soluble bodies does not 
readily give the amount of attraction between the selid" and the fluid ; 
but its dependence upon weight seems to be very cleftir from Graham’s 
invpstigations. Although no definite connection can be established even 
from these three intimately allied relations between water and soluble 
bodies, we yet learn from previous observations, that certain relations, 
which are at all events analogous, may be determined for different well- 
characterized groups of bodies. These relations, however, acquire so 
much the higher signification, sined they are more especially reflected in 
the groups of substances which play a considerable part in the animal 
body, and are thus of great importance in our discrimination of the pro- 
ducts of the metamorphosis of matter and of absorption generally. 
C. Schmidt found that the coeflScients, for 10 per cent, solutions of chlo- 
ride of sodium, grape-sugar, and albumen,' were 1‘605, 0*766, and 0*420. 
Graham observed the following proportion for the diffusibility of these 
three substances in 20 per cent, solutions, namely, 100, 46*36, 5*24. 
The analogy is here very great, although we may not be able to recog- 
nize any equal proportion in these numbers. Moreover, Graham’s pro- 
visional investigations show distinctly enough that there is a definite 
relation between the diffusibility and the specific weight of the diffusing 
fluid ; hence the coefficient of condensation must have a direct relation 
to the diffusibility ; at any rate wo cannot at present overlook this rela- 
tion. Urea here presents itself as an important exception ; the coefficient 
of condensation pf its 10 per cent, solution was found by Schmidt to be 
less than in any other substance (=0*160), while its diffusibility is, 
according to Graham’s determination, exactly equal to that of chloride 
of so^um. 

Owihg to the generally recognized and very comprehensive relation 
existing between the capacities for diffusion and transudation, it will not 
surprise us to find that the endosmotic equivalents, when calculated by 
Jolly’s provisional method, should correspond tolerably closely with the 
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equivalents of diffusion. The definite attraction towards water, which 
we see so variously expressed in the above cases by solid soluble sub- 
stances, and the attraction shown in the last-named case of solid insoluble 
bodies to water, equally lead us into a domain of inquiry, in which we 
receive no aid whatever from empirical bases ; although the long-know'ii, 
as well as the more recent investigations regarding hygroscopicity by 
Bliicher,’ by Schwede,® and by Buchheim,® and the provisional results 
obtained by Briicke, Liebig, and Ludwig, agree in showing that even in 
this relation between the three important bodies already referred to, the 
most essential differences are observable in respect to the attraction 
towards water. No physiologist can doubt that all the relations of solid 
bodies to water must be involved in the explanation of the phenomena of 
absorption and of the mechanical and chemical metamorphosis of matter ; 
but even if we admit that absorption is nothing more than a function of 
these various relations, we are not thereby enabled to explain the process 
of absorption, for we have not yet succeeded in expressing by a mathe- 
matically demonstrable formula any of the different kinds of attraction 
between water and solid bodies, or of establishing the relations which 
exist amongst them. For how i^ any explanation>practicable, or, in other 
words, how can we refer phenomena to laws, when we are ignorant of 
the laws themselves ? We may, however, conclude from tho,pcanty facts 
before us, that the movements of soluble matters within the living organ- 
ism, and more especially the phenomena of absorption, must be supppsed 
to depend upon certain physical laws. Thus tremble and fall the last 
feeble supports of the old and naive belief in ail instinct, or a certain 
spiritual capacity of the absorbing organs. The time may, however, 
come, and perhaps is not very remote, when we may include amongst 
“ comprehensible ideas” the properties of every substance whose relation 
to the animal body may be brought into question ; when the zoological 
department of physiological chemistry will no longer be limited to the 
enumeration of a few qualities of bodies, either arbitrarily or acciden- 
tally selected, but will indicate aJJ without exception — the coefficients of 
condensation of their solutions as well as their absolute solubility, their 
diffiisibility as well as their volatility, their ondosmotic as well as their 
chemical equivalent, their hygroscopicity as well tas their fusibility, &c., 
&c. ; and when all these qualities Will be elucidated in their most inti- 
mate relations to one another. None of these propeaties should for the 
time to come be regarded as accidental, for in nature nothing is acci- 
dental ; the diflTerent properties of matter are the necessary result of cer- 
tain fundamental conditions. When once we shall be able to form a 
logical judgment of the nature of those substances in which vital phe- 
nomena are manifested, when sharply defined ideas trf the diversity of 
matter can aid our judgment regarding the relations qf eaoh individual 
substance to the whole, we may perhaps be aide to express, in the 
simple but clear language of mathematico-physical conception, those con- 
clusions which are deducible from our sensuous observations of the move- 
ments of matter in the living body. We shall not on that account be 

^ I*ogg' Ann. Bd. 50, S. 641-562, 

* De Hygroscopicitate, diss. inang. Borp. Livon. 1861. 

® Arch. physiol. Heilk. Bd. 12, S. 217-248, 
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less able to contemplate the wise arrangements of the animal organism, 
although we may no longer indulge in visionary dreams of the spiritu- 
ality of matter, or seek to conceal our own inactivity in the incomprehen- 
sibility of nature ; for these very arrangements are merely the perfected 
expression of that which may be attained by the co-operation of simple 
physical forces, when acting upon differently formed and qualified matter 
under the most various mechanical conditions. 

Although such a future may yet be far distant, and the attainment of 
such aims may require the most arduous efforts of many zealous laborers 
in science, we yet know the direction in which our endeavors will secure 
a satisfactory result in this department of our inquiries. We know 
what we have to seek, and, emancipated from a belief in supernatural 
forces of matter, we feel that we are not striving for that which is unat- 
tainable, bu£ that every step and every scientific result, once gained, will 
bring us nearer to the goal of our desires. 

This being the point of ^iew from which we began our analyses of the 
movements of matter in the animal organism, it will not appear singular 
if we commence the consideration of the process of digestion by estab- 
lishing the qualities of tthe objects to bq digested. The qualities which 
principally demand our attention are those which involve the different 
relations of fjuch matters to water ; for these essentially control the form 
and the nature of the absorption which the matters uiidergo in the intes- 
tinal canal. Now as all the properties of a substance stand in the most 
intimate relations to one another, we scarcely think that we shall be in 
error if we insist upon the existence of a certain relation between the 
capacity of a substance for absorption and its other relations in the ali- 
mentary canal, more especially to the so-called digestive juices. Those 
substances which have already undetgono special molecular displacements 
before their transition into the mass of the juices^ must be conveyed by 
a different channel from that by which unchanged or only slightly modi- 
fied substances pass into the blood. We must presume that it depends 
upon certain more or less prominentj, properties whether a substance 
passes directly and without change into the blood, or whether it only 
reaches its destination by indirect chanitels and after undergoing various 
changes. It cannot he owing to accident that those substances which 
undergo no essential alteration in thb intestinal canal from the action of 
the digestive juices, should bo especially qualified for direct absorption 
through the bloodvessels ; the one (qualification does, and must un- 
doubtedly stand in some definite relation to others, although we do not 
clearly understand its nature. It is not only their saline character which 
renders the alkaline salts so easy of resorption ; for there are many other 
salts which are ndt resorbed bj the capillaries, whilst on the other hand, 
urea, alcohol, an(} certain poisons, pass with equal or perhaps greater 
rapidity into the masS of the juices than many of these salts ; nor is it 
the mere solubility of a substance which influences this easy transition ; 
but it^is the combination of several qualities depending upon the funda- 
mei\tal*relations of each individual substance, which induces the capacity 
for absorption in the same manner as these fundamental relations also 
influence the resistance agaipst the action of the digestive fluids. When, 
therefere, we find some poisons rapidly absorbed in the intestinal canal. 
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•while others are not taken up, we should seek for the reason of these 
facts, not in a certain and definitely limited instinct in the absorbing 
organs, but in certain definite, although, unfortunately, not perfectly 
elucidated fundamental relations in these substances. It, therefore, 
seems most appropriate to divide the objects to be digested into groups, 
which, instead of being based upon their nutrient power (and this be- 
longs to the theory of dietetics and nutrition), or with regard to their 
utility or their injuriousness to the living organism, should be arranged 
according to their digestibility, that is to say, their greater or lesser 
capacity for being absorbed. 

Before we consider those matters individually, whose absorption is 
solely or principally effected by the capillaries, we must clearly ascertain 
in what manner a proof can be adduced that a substance docs not reach 
the general mass of the juices through the lymphatics, but passes directly 
through the capillaries. After it had been anatomically proved that the 
lymphatics and lacteals only communicate with the bloodvessels through 
the thoracic duct, the following experiments were instituted. Thfe lym- 
phatics or th% thoracic duct having been tied, a substance was introduced 
into the intestine or into a loop, of gut, w’hich could either be easily de- 
tected chemically in the blood, or whose passage into the blood might be 
recognized by certain phenomena of poisoning. Experiments of this 
nature were undertaken by Magendic,* Brodie,* Westrumb,® Emmert,* 
Sogalas,® Mayer,® Bischoff,’ v. Dusch,* Kurschner,® and others, the princi- 
pal object being to determine as far as possible the capacity of the blood- 
vessels for resorption. Another method employed to prove the transi- 
tion of certain substances into the blood without passing into the lym- 
phatics, consisted in examining the blood and the chyle a elhort time after 
certain substances had been introdubed into the intestinal canal of an 
animal. It was sho'wn that many of the matters which will subsequently 
be enumerated, might be found in the blood, but not in the chyle. Expe- 
riments of this kind were made by Flandrin,^® Tiodemann and Gmelin,” 
Mayer,*® and more recently by Bernard ;'‘® the latter observer, moreover, 
essentially improved this method, by seeking in the blood of the portal 
vein for substances which had been introduced into the intestinal canal. 
As the lacteals convey the fluids which they contain with comparative 
slowness, it must be assumed that those substances which reappear very 
rapidly in the blood and in the excretions must be resorbed through the 
intestinal capillaries, and not previously through the lacteals. We may 
therefore, according to Westrumb, Stehberger,and others, recognize mat- 
ters which are resorbable through the bloodvessels, by the extreme 
rapidity with which they reappear in the urine or in the pulmonary exha- 
lation. '' 


' Precis de Physiologic. T. 2, pp. 20S et 279. * Philos. Trjins. for 1811, p. 178. 

* Physiol. Ubtersttchungen iiber die KinsauguDgskraft der 'veneu. HaimoTer, 1825 ; 
and Meckel’s Aroh. Bd. 7, S. 626 a. 640. 

^ Meckel’s Arch. Bd. It'S. 178. * Magendie’s Journal de Physiologie. T. 2, p. 117. 

* Meckel’s Arch. Bd. 8, S. 485. 

* ZeitBch. t. rat. Med. Bd. 4, S. 82-71, und Bd. 6, 8. 298-306. 

* Ibid., Vol. 4, pp. 360-874. ■ Handw6rterbueh der Physiolof^e. Bd. 1, 8. 48. 

^ Magendie’s Journal de Physiologie. T. 13, p. 66. ^ 

Tersuche liber d. Wege, auf •vrelcheu Substauzen aus deu Magen und Damoan^ 
ins Biut gelangen. Heidelberg, 1820. , ' ^ 

Op. cit. •* L’Union m<;d. T. 3, pp. 446, 457 et 401. 
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What are the substances which, according to these experiments, may 
he directly absorbed by the bloodvessels of the stomach and intestine V 
Among these numerous and, at first sight, very various matters, we meet, 
in the first place, with certain tolerably soluble salts, which, whether 
noxious or innoxious to the animal organism, experience no essential 
changes whilst within it, and do not exhibit any great affinities towards 
any constituents of the animal body, namely, all the neutral alkaline 
salts, whoso acid shows no peculiar tendency to enter into special combi- 
nations with other matters. To this class, therefore, belong the chlorides 
of sodium and potassium, iodide and bromide of potassium, the alkaline 
phosphates, sulphates, chlorates, nitrates, borates, and arsenates, yellow 
prussiaie of potash, sulphocyanide of potassium, and the combinations 
of the alkalies with non-nitrogenous organic acids. A second group of 
those substances which are especially resorbed by the intestinal capilla- 
ries, are the acids, both mineral and organic. A third group consists of 
alcohol, ether, wood-spirit, and fusel oil (Schlossberger).^ A fourth 
group Contains many volatile oils, including the non-oxygenous as well 
as the oxygenous and sulphurous oils, as, for instance, camphor, oil of 
radish, oil of assafoetidh,, &c, ; to these we may probably also add, com- 
bustible and natural odoriferous substances, as musk and the constituents 
of Dippel’s* animal oil, &c. A fifth group comprises? several alkaloids, 
whether volatile or non-volatile, as, for instance, strychfiine, brucine, mor- 
phine, theme, nicotine ; and finally, there remain to be enumerated cer- 
tain pigments, which cannot be detected in the chyle, although they may 
be recognized in the urine, as for instance, the pigment of alkanna, of 
gamboge, whortleberries, black cherries, rhubarb, logwood, madder, lit- 
mus, cochinealj sap-green, and tincture of indigo. 

The great diversity of the substances above enumerated would make 
it appear difficult, if not impossible, to discover in them any common 
aggregation of properties by which their capacity for absorption through 
the bloodvessels might be influenced ; but certain other matters, which 
far exceed in solubility many of those already described, do not, as it 
would appear from direct experiments, show the slightest disposition^© 
enter through the capillaries into thd blood, although they are very 
readily absorbed by tlft lymphatics, or else, notwithstanding their great 
solubility, traverse the entire intestinal tract without being resorbed. 
We shall subsequently become better acquainted with those substances 
which are exclusively or principally absorbed by the lacteals, whilst iit 
the present place we will ^mply refer to such extremely soluble matters 
as gulp, turmeric, &c., which are not absorbed from the intestinal canqil 
either by the bloodvessels or the lymphatics. To the last-named sub- 
stances belong both the curare-veneno (which is probably identical with 
the woorara) an<i the poison of serpents. If from this we were to con- 
clude, as has actually been done, that nature in her wisdom has closed 
the ptosage of this poison to the blood by both channels, the fact would 
scarcely impress us very powerfully, when we remembered that all ac- 
cess to the capillaries or the chyle was alike forbidden to. the compara- 
tively harmless gum or turmeric as well as to serpents’ poison, which 
could only rarelgr find its way into the stomach, whilst it opposes no 
■ Arch. f. physiol, fieilk. «Bd. 9, S. 267. 
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hindrance to the absorption of other poisons -which rarely enter wounds 
but are of common occurrence in the intestine. These considerations, 
together with the experiments of Boussingault and Bernard (which cer- 
tainly still require confirmation), according to which an animal mem- 
brane that readily permits the endosmotic passage of saline solutions is 
completely impervious to curarine, emulsin, and diastase, sufficiently 
show that the law of a physical necessity is here involved. Considering 
the striking diversity of the above-named materials, we may still hope, 
notwithstanding our slight knowledge of the laws of diffusion and of 
endosmosis through membranes, to discover certain properties common 
to all these matters, on which we may suppose this great capacity for 
absorption to depend. It is generally admitted that it is only soluble 
substances which admit of resorption ; but the degree of solubility in 
these substances is so different, that i{ there were not a number of very 
soluble bodies which were not capable of resorption, we yet could not 
ascribe to their solubility alone the capacity which they exhibit of being 
absorbed by the capillaries. Unfortunately the greater number of these 
substances haye as yet been so imperfectly investigated in reference to 
their capacity for diffusion and, to the endosmotic equivalent which is 
undoubtedly connected with it, that we are still unable to demonstrate 
the dependence of -their capacity for absorption upon these .properties ; 
but the analogy between substances found by Graham to be very diffusi- 
ble and many of the bodies already referred to, lends the greater prqba- 
bility to our conjecture ; for we find that those substances which are very 
little disposed to be absorbed through the veins, are precisely those 
which Graham found relatively little capable of diffusion, as, for instance, 
albumen, and in part also, sugar. 

Considering the near relation in' which the volatility of these sub- 
stances undoubtedly stands to their diffusibility, we can hardly wonder 
that there should be so many volatile matters in the class of easily re- 
sorbable bodies. The third and fourth groups of these transudable sub- 
stances especially belong to this class ; but there is no group in which wo 
mere distinctly perceive the dependence of resorbability upon these phy- 
sical properties than in the second one ; for Graham’s experiments on 
diffusion, as well as the numerous endosmotic esqperiments which have 
been made with the acids, explain their easy transition into the capilla- 
ries. If we could suppose that the diffusibility, and similar properties of 
R substance were alone dependent upon certain fundamental properties 
pertaining to it, we should find a certain simplicity in the form of compo- 
sition of most of the above groups. These substances have either a mere 
binary composition, or, at all events, like the haloid bases and alkaloids, 
they have, according to the most recent chemical investigations, a vej^ 
simple constitution, approximating to the binary law ; labile such solublo 
matters as do not belong to the above groups, as albumen, emulsin, gtim, 
and even sugar, have hitherto baffled all the efforts of chemists to 
comprehend their composition in accordance with the ordinary views 
of chemical afflnity or polarity. , 

Although we have endeavored in the above remarks to consider from 
purely physical points af view the absorbing capacity qf the capillaries 
and the capability of certain substances to be absorbed by them, we hope 
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that our feeble attempt 'will not be so far misconceived as to leave the 
impression that we would wish to characterize the process operating in 
the animal body as actually physical in its nature. We are, on the con- 
trary, far from entertaining such an opinion'; for the physical facts pre- 
sented to our notice do not, in our opinion, present sufficiently strong in- 
dications to enable us to establish with completeness any such purely 
mechanical mode of consideration ; we will- therefore merely repeat, that 
the simplicity of the physical principles of explanation are better adapted 
to give a safe direction to our conjectures and further investigations, 
than if we were credulously to trust to a transcendental mode of reason- 
ing, without the aid of earnest and profound reflection. 

In passing from these provisional remarks to the process of digestion, 
and the comportment of different substances while subjected to this pro- 
cess, we have nothing to add to the observations already made, except- 
ing to remark that we shall not here have to notice the digestive fluids 
with which these groups of..sub3tanco3 arc brought in contact, since these 
substances pass from the intestinal canal into the mass of the juices in the 
same unchanged state in which they entered it. The combinations into 
which some of these substances enter with acids during the process of 
digestion, can scarcely come within the scope of the present inquiry, 
since no escential change is produced by their action. 

In turning to the consideration of the individual objects of digestion, 
our«attention is in the first place directed to a group of substances which 
have been distinguished by the lirrational name of the carho-hydrates^ 
amongst which are included cellulose, the different kinds of gum, starch, 
inulin, lichenin, and the different kinds of sugar. 

It must be observed, in reference to cellulose or the substance of the 
vegetable cell, that it belongs to {hose substances which resist all the 
digestive fluids and other solvents ; and, on account of this property, all 
those vegetable substances which essentially consist of this substance 
reappear unchanged in the excrements of herbivorous and omnivorous 
animals. It must, however, be borne in mind that this sulbstance (which 
Mitscherlich,* in his more recent experiments, found to be perfectly 
isomeric with starch, and is represented by the formula CijHioOio, al- 
though its compositiomhad been previously assumed by Mulder to be O 24 
is very frequently found to lie incrusted with some other perfectly 
insoluble substance, such as lignin or suberin. When, as in -the case of 
the Beaver, we find the whole stomach, and more especially the emeum, 
plugged, as it were, with fragments of wood and bark, without being able at 
the same time to detect any easily soluble nutrient substances — as, indeed, 
E. H. Weber* and myself have frequently observed — ^w 6 can scarcely avoid 
adppting the opihion that the digestive juices, at all events, of these 
animals, are capable of exerting a metamorphic and solvent action upon 
oelRiloBe. This view*of the subject seems also to gain confirmation from 
a circomatance especially noticed by E. H. Weber,* that in the beaver, 
those organs whose .secretions more especially contribute to^rds the 
metamorphosis of the carbo-hydrates are developed in a remarkable 
degree ; thus, for instance, the salivary glands are exceeoingly large in 

* Ann. d. Ch. u. Pharm. Bd. 76^ S. 806-814. 

^ Ber. d. konigl. silclis. Gesellschaft d. Wiss. 1860^ S. 192. * Ibid. p. 198. 
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the Beaver, amounting, according to Weber’s estimate, to l-118th of the 
whole weight of the body, whilst in man, for instance, they do not exceed 
the l-895th part of the entire weight. In the same manner the pancreas 
is remarkably voluminous in the Beaver (Weber found that it measured 
18 inches in the case of a tolerably large animal). It seems more 
doubtful, whether the well-known large gastric gland, which is peculiar 
to the Beaver, bears a direct relation to the animal’s digestion of cellulose. 

If wo should be disposed to ascribe to the secretions of this apparatus, 
which exert so powerful an action on starch, the property of converting 
cellulose into dextrin and sugar, it must, at least, bo admitted that the 
chemical relations of cellulose to certain solvent and metamorphic agents 
are in no respect opposed to this view. It is a well-known fact, which 
was first observed by Schleiden, and has been admirably elucidated by 
Mulder, that cellulose, by treatment with the second or third hydrate of 
sulphuric acid, is converted into a substance very similar to starch, and 
which is colored blue under the action of iodine. According to' Mulder, 
syrupy phosphoric acid may, in such cases, be used in place of the sul- 
phuric acid. Notwithstanding the acid nature of the contents of the 
stomachs of Beavers, and however much this lai^e gastric gland seems 
to imply that the free acid is destined for the metamorphosis of the 
cellulose, the acid^g which occur here are always too much diluted to 
justify us in ascribing to them such a metamorphic action. At any rate, 
on accurate micro-chemical investigation of the fragments of w'pod, 
bast, and bark found in the stomach ^and duodenum of the Beaver, I 
have never been able to perceive thatthe addition of iodine induced a 
blue coloration in the cellulose fibres and cells, although this color 
always appeared very beautifully after repeated applications of sulphuric 
acid. The alkaline juices of the salivary glands, the pancreas, and the 
caecal glands, probably exert a stronger influence on the conversion of 
cellulose into starch, and its further decomposition into sugar, than the 
acid juices of the stomach. For the admirable experiments of Mitscher* 
lich’ show us that even very dilute alkaline solutions act upon cellulose, 
wljilst concentrated solutions act more readily and completely than con- 
centrated acids in converting this substance into starch. Hence we must 
suppose that the greater part of the cellulose undeugoes its metamorphosis 
and solution in the lower portion of* the small intestine and in the large 
intestine, because the contents of these parts in the™ Beaver exhibit 'a 
strongly alkaline reaction. We must here also notice a conjecture, 
which has derived some degree of support from another beautiful ex- 
periment by Mitscherlich. There exists a peculiar ferment for cellulose 
which is generated during the putrefaction of potatoes, and destroys the 
cellulose-cells without atttacking the starch. Since? moreover, it is 
impossible to assume that the conversion of starch into ^extrin aiid sugar 
by the saliva and pancreatic juice can take place without a special fer- 
ment, some probability certainly seems to attach itself to the conjecture 
that a ferment which can decompose cellulose also exists in these juices 
of the Beaver, and co-operates simultaneously -q'ith the alkali in the 
digestion of this substance. But although anatomical facts, as well as 
chemical experiments, speak in favor of the digestibility of cellulose (at 

* Op. oit. 
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least, in the case of the Beaver), we cannot regard the view as perfectly 
proved until more direct proof of its correctness can be adduced. With 
a view of elucidating this question, I have frequently made a microsco- 
pical and micro-chemical examination t>f the contents of the small and 
large intestine of the Beaver, hut I have unfortunately never been able 
to determine with certainty that the cellulose-cells obtained from thence 
exhibited chemical corrosion, or had been ’“converted into a starch-like 
substance. 

0um is another carbo-hydrate, concerning whose uses in the animal 
organism, notwithstanding its solubility, there is still considerable doubt. 

Although this substance is of such rare occurrence in the ordinary 
nutrient matters, even of the herbivora, that its co-operation in the 
process of digestion, and its application to the metamorphosis of matter, 
can be of no great importance, its frequent therapeutical application as 
a dietetic remedy would entitle it to some degree of notice, even if its 
peculiar ‘ chemical and physiological relations did not demand our atten- 
tion. In the obscurity which still involves the question regarding the 
digestion of gum, three possible modes of explanation present them- 
selves, namely : that k is converted iqto sugar before its resorption ; 
that it is resorbed directly and without alteration ; or lastly, that it is 
not at all rpsorbed, and is consequently completely eliminated with the 
solid excrements. The first of those -hypotheses is entirely disposed of 
by the result of our former experiments. We certainly know that gum, 
like other carbo-hydrates, is concerted into grape-sugar after prolonged 
digestion in the dilute mineral acids ; but all experiments which have 
hitherto been made to convert gum into sugar, or into any other sub- 
stance, by means of the digestive fluids, such as natural or artificial 
gastric juice, mixed saliva, or pancreatic juice, have yielded thoroughly 
negative results. Freriohs' found that gum remained entirely unchanged 
when digested as long as 48 hours with saliva and gastric juice, nor was 
it altered after having remained, for 3 hours in the stomach of a dog, 
both when it was introduced through a fistulous opening and by the 
mouth. Blondlot^ instituted a simalar experiment. I found^ that the 
gum not only always remained unchanged during lactic acid fermentation, 
and during the conversion of starch into sugar by diastase, saliva, or 
pancreatic juice, but also convinced ‘myself, by parallel experiments, that 
the presence of this body invariably retarded that process. I found, 
from quantitative determinations, that after the gum had been digested 
for three or four days in a fermenting or digesting mixture, nearly the 
original quantity might be again recovered. These experiments, there- 
fore, render it very improbable that even a small portion of the gum is 
converted into silgar during digestion. If, then, gum be actually sub- 
servient to the purposes of animal life, it only remains to be assumed 
that this body may be resorbed in an unchanged state from the alimen- 
tary 'qanal, either by the bloodvessels or the lacteals. Tiedemann and 
Gmeli^^ fed a goose exclusively on gum for sixteen days, when it died ; 
they found' in the exciiementB unchanged gum, which was also present in 

* Handworterlnudi der Physiologie. Bd. S, Abth. 1, S. 806. 

* Traitd de la Digestion, p. 297. * 

* Simon’s Arch. f. Chem. u. Mikrosk. Bd. 1, S. 76-S2. 

* Verdauiing uach yersaohen. Bd. 1, S. 186. 
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the acidly reacting contents of the small and large intestine. Boussin- 
gault* caused a duck to swallow 50 grammes of gum-arabic, and in the 
course of nine hours 46 grammes were recovered from the excrements. 
I daily injected into the stomach of an old rabbit, which was otherwise 
fed on cabbage-leaves, 1 0 grammes of gum-arabic dissolved in 90 parts 
of water ; the excrements retained their ordinary form and consistence, 
but gum was easily reco^iked in them. The daily urine was collected, 
strongly concentrated, and treated with absolute alcohol, and the undis- 
solved residue was then extracted with cold water. The aqueous solution, 
even in its most concentrated state, did not give any reaction corre- 
sponding to the presence of gum, either when treated with silicate of 
potash, with borax, or with sulphate of iron (Lassaigne).* The animal 
was killed at the end of three days, four hours after it had taken the last 
dose of gum (10 grammes at a time), but no trace of gum could be dis- 
covered by means of these reagents, either in the very small quantity of 
chyle that was collected from the thoracic dqct, or in the blood after the 
coagulation of all the coagulable matters and the exhibition of the 
aqueous extract. We cannot doubt, therefore, that even if this substance 
admitted of resorption, it must, only pass in exiremely small quantities, 
and very slowly, into the mass of the juices ; nor can we assume the 
probability of its napid conversion in the blood, since all chepaical experi- 
ments prove that> gum is far less easily decomposed than other carbo- 
hydrates, as, for instance, sugar, which, notwithstanding its ready de- 
composition, may yet be detected in the blood. 

If we are not disposed to believe that the absorbing organs possess 
the property of resisting the absorption of this extremely soluble sub- 
stance, the question arises, whether the facts hitherto ascertained from 
physical experiments on the diffusioh or transudation of gum, afford any 
explanation of the above-named physiological experiments. According 
to Graham, the diffusibility of gum is only half that of starch-sugar, 
and four or five times less than thajt of chloride of sodium, whilst, on 
the other hand, it is more than four times greater than that of albumen. 
Jally found that the endosmotic equivalent of gum was considerably 
higher than that of sugar. The simples^ endosmotic experiments with 
gum are, however, sufficient to show that animal membranes are not 
impermeable to that substance. PhiJrsical experiments only prove, there- 
fore, that gum penetrates through animal membranes less readily than 
many other substances ; and it only remains to show by further experi- 
ments what are the mechanical conditions which cause so small a portion 
of gum to pass from the intestinal canal into the blood ; for the experi- 
ments which I have already mentioned, do not by any means lead us to 
the conclusion that positively no gum is absorbed, for kilicate of potash, 
borax, and sulphate of iron are such slightly sensitiye reagents, that 
when applied to a mixture of organic bodies (sudh as we have here to 
deal with), they may fail in detecting very considerable quantities of 
gum. It has also been asserted that turmeric is not resorbed in the 
intestine ; but in my experiments I have detected small quantities of it 
in the blood of rabbits, which had been made to take daily a ooncen- 

* Ann. de Chim. et de Phys. 3 S^r. T. 18, p. 444. 

■ Journ. de Chim. m4d. 8 84r. T. 7, pp. 580-682. 
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trated solution of this pigment. It must, for the present, remain un- 
decided whether there is any substance soluble in water, for which the 
ordinary animal membranes would be absolutely impermeable ; for Cl. 
Bernard’s experiment, which appeared to show that the curara poison 
could not penetrate through an animal bladder, requires to be repeated, 
whilst Bernard is no doubt in error, when he believes that he has convinced 
himself that emulsin and diastase are incapable of penetrating animal 
membranes; these bodies, like albumen, undoubtedly, however, possess 
only a small capacity for penetrating animal membranes. With regard 
to the curara poison, its chemical qualities have been so imperfectly in- 
vestigated, that we are not yet justified in assuming anything more than 
that the reason why it exerts no poisonous actions in the intestinal canal 
may probably be due either to the fact that it undergoes decomposition 
in that region, or that it enters into combinations iVhich are innoxious to 
the animal organism. If, moreover, gum, emulsin, diastase, and eurara 
are, in point of fact, rcsorbpd in much smaller quantities than we should 
have expected from endosmotic experiments, we must not regard it as 
impossible that the physical constitution of the intestinal coats may here 
exert a special influence ; for we know that endosmotic experiments often 
yield different results, aceording as the mucous or the serous surface of 
a membrano. be turned to the salt that is to be diflTused, and that (for 
example) membranes of caoutchouc and animal membranes act quite 
diftVently from one another in regard to water and alcohol. All such 
relations as these should be clearly comprehended before we venture to 
form a definite opinion with respect to the behavior of gum in the in- 
^testinal canal, or to assume the existence of vital forces opposing its 
absorption. At present, therefore, we know nothing more than that the 
Potionea gummoace, which are such favorite medicines with thd physi- 
cians of the rational school, can yield to the animal organism only an 
extremely small quantity of material, and that only of a nature to sup- 
port the respiratory process ; an(J that their uses — if they are of any 
use — can be merely negative in acute diseases. 

As an object of food, atarch is well known to be the most important 
of all the carbo-hydrates ; we know that it is one of those substances 
which must undergo a preliminary metamorphosis in order to be resorbed, 
that it is converted into dextrin and sugar (lactic acid being produced 
only in a limited* degree), and finally, that the saliva and pancreatic 
juice are the means by which this rearrangement is effected in the 
atoms of starch, Wo have so fully discussed these points in the first 
volume, when treating of the functions of the saliva (pp. 480—438) and of 
the pancreatic juice (p. 610), that very few additional remarks are 
necessary. *• 

If we briefly review the history of starch within the animal organism, 
commencing with its* introduction into the mouth, we find that in this 
cavitv it is more or less impregnated with saliva, according to the inten- 
sity 01 the movements of mastication, its own dryness, and other circum- 
stances. Powerfully as normal saliva occasions the transformation of 
boiled starch into sugar, its influence on the raw starch during the short 
time that each morsel remains in the mouth must be extremely slight. 
In the ruminating animals, on the other hand, where the food is for a 
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long time retained in the paunch, and where, from the continuous flow 
of saliva, it is exposed to the prolonged action of this secretion, a great 
part of the starch contained in the food must certainly be metamor- 
phosed ; and the same must be the case in the crop of the bird. In all 
other animals, the greater part of the starch passes unchanged into the 
stomach, where the further action of the saliva upon it is, to a certain 
degree, suspended by the gastric juice, when secreted in suflicient quan- 
tity. After a due sojourn in the stomach, this substance passes into the 
duodenum, where it is brought in contact with the powerfully acting 
pancreatic juice, and the commencement of its metamorphosis ensues. 
Towards the ileum the pancreatic juice disappears, and in its place we 
find the intestinal juice, which acts somewhat less energetically in effect- 
ing the metamorphsis of the starch. The conversion of the starch into 
sugar gradually follows ; the starch-granules become softened on their 
surface, and, as they dissolve, become converted into dextrin and sugar. 
Individual lamellm become separated from the granules, and undergo 
more or less disintegration, isolated shreds being often perceptible by 
the microscope after the application of iodine. The farther the starch 
passes onwards from the jejunum into the ileum, so much the smaller 
do the granules appear in consequence of the above-mentioned solution 
of their surface. ‘The enormous development of the csecufti in herbi- 
vorous animals, seems to indicate that the amylaceous matters are here 
again exposed to the action of a ferment which exerts some change dpon 
them ; but the experiments which have been hitherto made afford no 
evidence either in favor of or against the view that the glandular secre- 
tions which are there poured forth, actually yield such a ferment. We 
know that the first product of the decomposition of starch, dextrin, is so 
rapidly converted into sugar, that we only rarely find it in the intestine, 
and then merely in small quantities. Since, however, we always find 
sugar in the intestine in association with starch, it is probable that the 
dextrin, as such, is, like gum, absorbed only in very small quantities. 
Although it can scarcely be doubted that a great part of the starch 
ttCkcn with the food, passes from the intestine into the blood in the form 
of sugar, yet we may very readily convince ourselves that a by no 
means inconsiderable quantity of s^rch is metanforphosed in the small 
intestine into lactic acid, and in its lower portions, but especially in the 
large intestine, into butyric acid, and in these forms is more rapidly 
absorbed than as sugar. 

Inulin is affected by the digestive fluids in precisely the same man- 
ner as starch : indeed it may be concluded, from the investigations which 
I have instituted (which, however, were not of an accurate quantitative 
character), that this substance undergoes even a more rapid metamor- 
phosis than ordinary starch. ^ 

We now proceed to the consideration of sugar ^ and especially of ^Zm- 
cose, which, while it certainly demands our notice in consequence of its 
frequent occurrence in articles of vegetable diet, is of greater impor- 
tance from its being, as we have just seen, the most ordinary and normal 
metamorphic product of that most important non-nitrogenous nutrient 
matter, starch. The question here at once presents itself, — does true 
glucose undergo any further changes during the digestion of other sub- 
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stances or when digested alone, or is it resorbed unchanged ? And after 
this question has been answered, the following suggests itself, — by what 
organs is the glucose absorbed from the intestinal canal ? 

Many references have been made in the preceding pages to the mota> 
morphosis of glucose into lactic acid, butyric acid, and fat ; and hence 
we should scarcely have occasion to refer more fully to the subject if we 
had not here to determine, at all events approximately, the magnitude 
or extent of these metamorphoses. It is commonly assumed that the 
sugar which is introduced into, or first formed within the intestinal 
canal is absorbed without further change, and very speedily, by the 
capillaries, — a view which seems to us very far from being satisfactorily 
established. That a portion of the sugar before it is resorbed undergoes 
one or other of these changes is almost generally acknowledged, but no 
direct investigations have as yet been made regarding the quantity that 
is thus altered, and it has commonly been regarded as extremely small. 
The reason why it has been supposed that only a small quantity of 
sugar is converted into lactic acid is probably dependent in part on the 
observed fact that the acid reaction of the intestinal contents is not very 
great, and in part on the belief that sugar which is so readily soluble, 
and is regarded as highly diffusible (not being found in large quantities 
even in the bmall intestine) must be resorbed with extraordinary rapidity. 
Since, as has been observed, direct observations on tlie quantity of the 
lactic acid formed in the intestinal canal are not practicable, we must 
look around us for other positive facts, which may support either the one 
or the other view ; such, for instance, as, if we could accurately deter- 
mine it, the proportion of sugar that passes in a definite time into the 
blood or into the chyle, as its guantjty in these fluids might be compared 
with the quantity of the sugar-yielding carbo-hydrate taken with the 
food. Although such calculations certainly might be made from the in- 
vestigations previously in our possession, yet I preferred instituting 
certain experiments bearing directly on this question.* 

The experiments were made on horses, whose food consisted of a mix- 
ture of equal parts of boiled and raw potato-starch ; this was mixed wfiih 
about one-twelfth of rye-bran, and formed into balls, of which from 
2,000 to 3,000 gramnaes were dailj^ given to the horses at intervals of 
two hours. The ouantity of starch in the dried balls was determined 
by the method of 'liiebig and Horsford. They had, additionally, about 
1 kilograuune [nearly 2'2 Ibs.^-bf sugar in the 24 hours. This feeding 
was continued for three days, and on the last day the amount of starch 
in the excrements discharged in 24 hours was ascertained by digestion 
with dilute sulphuric acid, and the subsequent determination of the car- 
bonic acid developed by fermentation. The animals were killed about 
an hour or an hotir apd a half after the last feeding, when the intestinal 
contents were examined, and the chyle as well as the poirtal blood was 
submitted to a careful analysis in reference to the quantityof sugar con- 
tained an those fluids. 

The horse A took in the last 24 hours 1684 grammes of dry starch in 
balls ; as 234 grammes were fotmd in the excretiaents, the animal had 
consumed 1350 grammes in 24 hours; con8eq;uently 1500 grammes of 
^‘Ber. der k. suehs. Gescllsch dev Wiss. Jahrg. 1850, S. 180. 
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sugar must have been resorbed [nine parts of starch being converted 
into ten of glucose or grape-sugar]. 

The horse B consumed 1235*3 grammes of starch on the third day of 
the experiment ; as 821*5 grammes of starch were found in the excre- 
ments, 914*8 grammes of this substance, or 1016*4 grammes of sugar, 
must have been resorbed. 

The horse C took 1871*8 grammes of starch on the last day of the 
experiment, and 413*2 grammes were found in the excrements ; hence 
1458*6 grammes of starch, or 1620*6 of sugar, must have been absorbed 
into the mass of the juices. 

Hence in these animals, if the starch was converted solely into sugar, 
1382 grammes of sugar were, on an average, formed in 24 hours, and 
transmitted into the bloodvessels and lacteals. As the animals were 
fed at short intervals of 2 hours, we may assume that 57*58 grammes 
passed into the chyle or into the portal blood in 1 hour, and consequently 
nearly 1 gramme in 1 minute. Now the movement of the fluid xs not so 
rapid either in the lacteals or in the portal vein as to lead to the belief 
that the absorbed sugar is too quickly removed from the neighborhood 
of the intestine, or from the abdomen generally? to admit of this sub- 
stance being qualitatively, if not (luantitatively, determined in one of these 
fluids. 

It has been fornlerly mentioned that it was only sometimes that I could 
obtain even traces of sugar in the portal blood of horses, there often 
being no indication of this substance. If previous observers believed 
that they had detected sugar in the blood of this vessel, and found that 
the properties of this fluid generally were difierent from those which I 
have described, the reason of these discrepancies is very probably to be 
sought in the methods of obtaining the portal blood. The proper method 
of proceeding is not at first to lay open the whole abdomen, and then to 
make a regular dissection of the portal vein ; for the blood of the hepatic 
veins in this case regurgitates, and a portion of it makes its way into the 
branches of the portal vein ; and as the hepatic blood presents peculiari- 
tiei in its morphological elements, and contains sugar, the experiment 
must be more or less marred. We should make only a small opening in 
the abdominal walls, and reaching the portal vein fcs speedily as possible, 
we should tie it at the point where i*t enters the liver. Even Bernard,* 
when he collected portal blood in this manner, never* found a trace of 
sugar in it. In procuring thd portal blood of the horses in these experi- 
ments, I guarded agaiqat the above-named source of error, and I never 
found sugar or even a trace of dextrin in it. 

Although I have often previously stated, the procedure which I adopt 
for the recognition of sugar, yet I would here remarlf, in consequence 
of the importance of the case, that I obtained from oixe of the horses 
69*4, from another 53*3, and from the third 77*2 grammes of poirtal 
bloo^ and that I employed at least two-thirds of it for the determination 
of the sugar. The following was the method of proceeding : The blood, 
after being neutralized with dilute acid and treated with four times its 
quantity of water, was coagulated by heat, the expressed and filtered 
fluid was evaporated, the residue extracted with spirit of 85$, and the 
‘ Nouvelle fonction du foie, &o. Paris, 1858, p. 28. 
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spirituous fluid precipitated by an alcoholic solution of potash. The 
portion insoluble in water was mixed with a little water, filtered, treated 
with dilute sulphuric acid, for the purpose of effecting the metamorphosis 
of any dextrin that might be present, and then examined for sugar. 

We feel inclined to regard as incapable of proof these singular facts 
(it being in direct opposition to the previously received belief, that the 
sugar passes with facility into the blood of the intestinal veins), and 
either to doubt the accuracy of the chemical analysis, or to get over the 
difficulty by assuming that there is an extremely rapid decomposition of 
the sugar in the blood. With regard to the first objection, which might 
be, and actually has been, brought against this experiment, scarcely a 
larger quantity of blood is necessary for the quantitative determination 
of sugar in the normal fluid than was employed for this purpose in the 
above experiments ; but there must in every case be more sugar in the 
blood of the portal than in that of any other vein, and its existence there 
could not bo altogether overlooked. If we should further assume that 
the sugar absorbed by the intestinal capillaries is rapidly decomposed 
before it can reach the trunk of the portal vein, we must produce evi- 
dence that the decomposition of sugar proceeds far more rapidly in the 
blood of the intestinal veins than in any other blood. We have already 
seen in another place, that glucose, like all other kinds of sugar, when 
it is injected into a vein, very soon reappears unchanged in the urine ; 
even when very small quantities of glucose are injected, it admits of easy 
recognition in that fluid. Since it has been maintained that portal blood 
is rich in alkaline carbonates, we might be led to believe that it was the 
presence of the alkali which caused a more rapid decomposition of the 
sugar in the portal than in any other blood. This abundance of alkalies 
in the portal blood might probably give some support to this view, if it 
did not happen to be a mere incidental circumstance, that is to say, if it 
were constantly present in portal blood without reference to the nature 
of the food which the animal had previously taken ; this, however, 
is by no means the case. In my latter investigations regarding the com- 
position of the blood in different vessels, I have on several occasions 
(after feeding the animal abundantly on bran) found the serum of the 
portal blood even far^poorer in salts than the serum obtained from the 
blood of the arteries or of the vena cava ; thus, for instance, in one 
case the serum of the arterial blood contained 0*853g, that of the 
blood of the vena cava 0-887 and that 'of the portal vein 0-621g of 
salts ; these numbers calculated in relation to Ihe solid residue of the 
serum in each case give a similar result ; in the smid residue of the serum 
of arterial bloody the salts amount to 8‘892g, and in that of the vena 
cava to 8-601 §, while in that of the portal vein they only reach 4-8968. 
Even in this portal blood, which was a* poor in salts, not a trapo of sugar 
could be found. 

It Jias been already mentioned (p. 367) that sugar, even when injected 
with qpe or two equivalent of alkaline carbonates, still passes into the 
urine. 

Since, therefore, it appears probable that only little sugar is resorbed 
by the bloodvessels of the intestine, the question suggests itself, whether 
the sugar is not probably taken up in so much the larger quantity by 
the lacteals. But my earlier observations, as well as those recently 
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made on the chyle of the above-mentioned three horses, are opposed to 
this supposition. It has been already mentioned (vol. ii. p. 21) that it 
■was only after the use of highly amylaceous fodder that I could detect 
small quantities of sugar in the chyle of horses, and in my latest experi- 
ments with the three horses, I arrived at no result which would favor the 
view that the sugar is absorbed by the lacteals. If we assume that the 
average quantity of chyle which is poured into the subclavian vein of the 
horse in 24 hours amounts to 50 kilogrammes [110*231 bs.], as might be 
inferred from what has been already stated (see vol. ii. p. 25), then in 
these cases, when digestion was constantly going on, 87*4 grammes of 
chyle must have passed through the thoracic duct in one minute. The 
quantities of chyle which I obtained from the thoracic duct in the horses 
A, B, and C, was 22*567, 18*184, and 25*616 grammes respectively. 
Now, according to our calculations, we see that about 1 gramme of 
sugar was resorbed by each horse in 1 minute. If, therefore, the sugar 
has neither been taken up by the bloodvessel^, nor has been previously 
metamorphosed in the intestine, there must be about 1 gramme of sugar 
in 37*4 grammes of chyle ; but if only 0*1 of a gramme of sugar were 
contained in this quantity of chyle, it would readily be detected if we 
had from 18 to 25 grammes of the fluid for the purpose of analysis. In 
the chyle of the herse A only 0*029]{ of sugar was found, and in that of 
the horses B and C even less. The quantity of sugar passing into the 
lacteals is consequently very inconsiderable. . 

Do we then find in the intestinal canal itself any proof that the absorp- 
tion of sugar takes place so rapidly as is commonly believed to bo the 
case ? Direct experiments, which I have instituted with the view of 
determining this point, do not by any means support the above view. 
From 1 to 2 grammes of sugar obtaihed from starch (dissolved in 5, 10, 
15, and 30 parts of water) were injected into the stomachs of rabbits 
weighing from 1*5 to 2*5 kilogrammes [from 3*3 to 6-5 lbs.], and the 
animals (which had been allowed to take solid food both immediately 
before and after the injection) wore respectively killed half an hour, 1 
hdhr, and 2 hours afterwards. Sugar could always be still found in the 
stomach, the duodenum, and thd jejunum ; in the animal that was killed 
after one hour, sugar was still found in the lowermost part of the ileum ; 
if the animal were killed in 1 hour Sfter taking 2 grammes of sugar, this 
substance was found in no inconsiderable quantity in Hhe emeum. The 
contents of the duodenum and jejunum, ^rhich were generally tolerably 
fldid and even limpid, had a very strong acid reaction, which was less 
strongly manifested, biit was still very distinct, in the contents of the 
ileum. The contents of the csecum always presented a very strong acid 
reaction. Further, if rabbits were fed for several daj^s solely witn red 
beet, or solely with carrots, suga 4 |^(namel^ glucose) wafi found not only 
in the stomach but also in the duodenum in very ccihsiderable quantities ; 
in the jejunum the quantity of sugar that could be detected was smaller, 
and at the lower part of the ileum this substance had entirely disappeared. 
The contents of the stomach exhibited a strong acid reaction, and those 
of the duodenum were rather less decidedly acid ; on the other hand, the 
contents of die jejunum reddened litmus paper very iAtensely, while 
those of the ileum were less acid, although stronger t^an those of the 
egecum. 
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These observations which were formerly made by myself on cats, 
horses, and rabbits, have recently been confirmed by numerous investi- 

f ations conducted in my laboratory, partly by Uhle‘ and partly by von 
tecker.® 

It needs no circumstantial numerical proof, which indeed could never 
be decisive with such uncertain grounds of support, to show that the 
gastric juice cannot be the cause of this acid reaction; on this point we 
would rather trust to the evidence afforded by well-known experiments, 
which show that even after a flesh diet, which gives an additional quan- 
tity of free acid to the gastric juice, the acid reaction often entirely dis- 
appears in the jejunum. Putting aside altogether my own observations 
and experiments, I would here refer exclusively to the very admirable 
investigations of Bidder and Schmidt® on this subject. After the com- 
mon biliary and the pancreatic duct had been tied in a young dog, an 
intestinal fistula was formed, which on the subsequent dissection of the 
animal 4ras found to comnyinicate«with the end of the upper third of the 
small intestine. A week after the operation, when the wound might be 
regarded as healed, and all general irritation seemed to have subsided, 
the following experiments were instituted on the animal: After feeding 
the dog with flesh, a grayish-white mass, with a strongly alkaline reac- 
tion, issued. from the fistula; in this case, therefore, the free acid of the 
gastric juice and that of the flesh itself was not only neutralized, but so 
mu(ih intestinal juice was secreted that the alkalinity preponderated. In 
this case the alkalinity cannot be referred to a formation of ammonia 
consequent on putrefaction, which might perhaps have ensued from the 
suspension of the flow of the bile ; for when the bile and pancreatic juice 
are allowed free access to the intestine, we likewise find the chyme in the 
jejunum and ileum equally alkaliuef. This much, however, may be in- 
ferred from the above experiment, that the free acid which we observe 
in the whole of the small intestine during a vegetable non-acid diet, or 
after the use of sugar, does not depend upon the gastric juice, but must 
have its source in the food itself. 

If the fact be confirmed that a portion of the starch and sugar in the 
intestinal canal be converted into acid, Ve have then to ascertain what 
substance, or what constituent of the intestinal contents it is which in- 
duces this change. We have seen that when the saliva, gastric juice, 
pancreatic fluid, and bile are totally excluded, the intestinal jtfice itself 
IS able to effect the metamorphosis of starch into sugar, and of the latter 
into lactic acid. Moreover, starch was observed by G. Schmidt to fie 
completely changed by the intestinal juice into sugar in 80 minutes, and 
into lactic acid in 5 or 6 hours.- While we do not mean to deny that 
gastric juice (Bohehardat and Sandras), bile (van den Broek) or o^er 
loids that make (heir way into the stqmach^ or, indeed, that even normal 
mucus, may not possess this property, or, at all events, may not attain 
it at the temperature of the animal body, this, at all events, is certain, 
that alh, these materials collectively do not so rapidly excite the lactic 
acid fermentation as the special intestinal juice. 

1 agree with Freriohs and Schmidt that the pore acid gastrie juice of 

■ Diss. inaug. Lips. 1852. * Zeitsohr. f. wiss. Zoologie. 1853, Bd. 5, S. 123. 

’ Verdauungssaft^ and StofTwechsel. Mltaa, 1852, S. 271 a. 281. 
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dogs, in the state in which we obtain it from gastric fistulse, does not 
convert sugar into lactic acid even after several hours’ digestion ; but if 
the gastric juice be mixed with much saliva, or if we add to it a small 
piece of the glandular coat of the stomach of the pig, lactic acid may 
certainly be detected in the mixture after 3 or 4 hours. Hence we believe 
that, at all events at the present time, the possibility of a formation of 
lactic acid in the stomach cannot be altogether denied, although it is not 
at all probable that, under ordinary conditions, any appreciable quantity 
of starch or sugar undergoes this change. 

If we allow saliva to remain in contact with sugar of milk, or even 
with starch, at a temperature of from 30° to 40°, a little free acid is 
certainly formed, but so long a time (often from 16 to 32 hours) is 
re(iuired for its development, as almost ^:o exclude the idea that the 
saliva in any degree contributes to the conversion of the sugar into lactic 
acid. 

Heintz and van den Broe||* support the viev that the bile conliributes 
in a special manner to the conversion of the sugar into lactic acid, and 
the well-known observation, that we generally find the contents of the 
duodenum more intensely acid than those cither of the stomach or of the 
jejunum, favors this view ; but, notwithstanding this, I cannot uncondi- 
tionally adopt this t)pinion, for altogether independently of the circum- 
stance that, as has-been already mentioned, the intestinal juice alone, 
without the bile, can induce the lactic acid fermentation, and that the 
intensely acid reaction of the duodenal contents admits very readily of 
another solution, the action of the bile on sugar is of so slow and gradual 
a nature, that we cannot regard this function even as a secondary object 
of the flow of bile into the intestinal canal. Every one who has repeated 
Meckel’s experiment of allowing bile Ito ferment with sugar, in the same 
manner that Schiel has done (see vol. i. p. 230, and vol. i. p. 494), must 
have convinced himself that it is only very slowly that the acidity is 
developed in the bile ; and this is especially the case when Ave employ 
for the experiment bile that has been filtered, or that has been removed 
wifli extreme care from the gall-bladder. Bile that has been freed by 
alcohol from mucus, and from ■#hich the alcohol has afterwards been 
removed by evaporation, may be kept for months without undergoing the 
lactic acid fermentation ; mucus is indispensably requisite in this process 
of fermentation, and this substance acts independently* of the bile, and 
not more slowly when alone than when associated with that fluid, but a 
far mere prolonged action is necessary than within the intestinal canal. 
It cannot be supposed that any of the lactic acid which is formed in 
these fermentation-experiments could be saturated by the alkali of the 
bile;^ for the quantity of alkaline carbonate in bile is bxtremely small, 
and the acids, soluble in ether, which are liberated by tjie decomposition 
of the bile (and amongst which I could never detect lactic acid with 
certainty after twenty-four hours’ fermentation)* exhibit a very strong 
acid reaction. I found that ox-gall containing mucus, to which I added 
sugar of milk, and which was k^q)t at a temperature varying from 20® to 
40°, deposited in the course of two or three months a sediment of crys- 

* Zeitsolir. f. rat Med. Bd. 8 , S. 348.’’ 
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talline cliolic acid (Strecker’s cholacic acid) ; the supernatant fluid con- 
tained an alkaline acetate and comparatively little alkaline lactate. 

Lassaigne’ was the first to observe that the pancreatic juice does not 
possess the property of effecting the metamorphosis of sugar. 

If we introduce a solution of grape-sugar into a tied loop of gut (at 
about the middle of the small intestine) — an experiment which Funke 
often attempted at my suggestion — we find that in the course of 2, 8 or 
4 hours the solution, even if it was very concentrated, has for the most 
part disappeared, while the intestine itself is very pale and never inflamed 
(whereas loops of gut into which solutions of chloride of sodium of 
moderate concentration have been introduced, often exhibit a strong in- 
flammatory injection); the portion of fluid remaining in the loop never, 
however, exhibits an acid reaction. At the first glance this experiment 
appears to be ip entire accordance with the view held by van den Broek 
and Heintz, that it is solely by the influence of the bile that the meta- 
morphosis of the sugar into lactic acid i% effected; but if wo simulta- 
neously introduce bile and sugar into the loop of gut, there is still, after 
the lapse of the above-mentioned time, no acid reaction in the remaining 
fluid ; it might therefore be regarded as a fair conclusion, that the intes- 
tinal juice is as powerless as the bile in inducing this metamorphosis, and 
further, the view that sugar is partially converted into lactic acid, might 
bo held as thoroughly controverted. But we must nbt limit ourselves to 
isolated facts, if we wish to obtain a deeper insight into the phenomena 
of the living organism ; for the fact remains* beyond all question, that 
after the use of sugar an acid reaction forthwith occurs in the whole of 
the small intestine and in the first half of the large intestine, and that 
saliva, gastric juice, and the pancreatic fluid exert no metamorphic 
power on sugar, this power being 'possessed in a slight degree by bile, 
and in a high degree by the intestinal juice. It is easy to see why, not- 
withstanding the presence of intestinal mucus and bile, no acid is observed 
in the isolated loops of gut ; for the lactic acid is no sooner formed than 
it combines with the alkali of the intestinal juice and is rapidly absorbed ; 
hence it is only seldom that the contents are alkaline, being* for the tlfost 
part neutral. It is still, however, difficult to understand, how it is that 
the chyme, when its passage is not impeded by any loop, so constantly 
exhibits an acid reaction — a fact, t5 the discovery of which we have not 
been led by any special predilection for lactic acid ; moreover, Schmidt 
and Bidder have indeed observed it (without, however, attaching any 
special value to the observation). If the passage of the food through 
the intestine be interrupted by a ligature, so much bile collects in a short 
time above it that the intestine becomes much distended at the spot ; but 
even here, aftei* sugar has been taken by the month, we find no^ free 
acid. We wait,, therefore, for further investigations to elucidate the 
cause of the interruption in the formation of lactic acid, which occurs 
when a single ligatuiw is applied to the intestine. Unfortunately we 
have neen unable to include the consideration of the enormously large 
intestine eC the herbivora in this investigation : my discovery, that after 
sugar has been takeil by the mouth, it may after a very short time be 
detected in the caecum, and that it is there that the greatest formation 

* Journ. de Chim. m6d. 1851. No. 2, pp. 69-71. 
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of acid occurs, would seem to indicate that this portion of the intestine 
possesses more active functions than we have been led from former in- 
vestigations to ascribe to it. Certain experiments by von Becker, which 
have a bearing in this direction, have yielded the most decisive evidence 
in favor of this view. 

If we regard it as an established fact, that even after the abundant 
use of amylaceous food, neither dextrin nor sugar can be detected in the 
portal blood or in the chyle, and that we can for a long time trace the 
presence of sugar in the intestine, even as far as the caecum, after sugar 
itself or saccharine food has been taken, the supposition that starch is 
not merely changed into sugar in the intestine, but that it very soon 
undergoes still further alterations, seems to present a greater probability 
than the assumption that it is merely on account of its great solubility 
and diffusibility that it passes with extraordinary rapidity into the mass 
of the blood. But is the diffusibility of sugar actually so groat ? Gra- 
ham’s experiments, which were instituted wijh crystallized and fused 
cane-sugar as well as with glucose, coincide in this point, that sugar has 
less than half the diffusibility of chloride of sodium ; while 68'7 parts of 
Salt are diffused, only 26*G parts, of sugar are diffused under precisely 
the same conditions. Moreover, the endosmotic experiments which have 
been made by Jolly and others entirely correspond with ,the above 
results ; thus Jolly found the endosmotic equivalent of sugar to be 
almost twice as great as that of chloride of sodium, and twenty tin\e8 
greater than that of hydrated sulphuric acid. Hence these physical 
experiments do not by any means justify us in concluding d priori 
that the resorption of sugar in the intestine is an extraordinarily rapid 
process. 

Amongst the numerous contradictions which we meet with in the consi- 
deration of the phenomena connected with the behavior of sugar in the 
intestinal canal, it seems to be especially necessary to institute further 
and more accurate investigations regarding this circumstance. Several 
scries of experiments have been carried on at my suggestion by von 
Beflker* on rftbbits, which at all events have thoroughly cleared up some 
of the points in question. I deemed it necessary to put aside for the 
time the consideration of starch, cane-sugar, &c.,'and to employ only 
that sugar in these experiments which is formed in the animal body 
from these carbo-hydrates before they undergo resorption. In the con- 
sideration of the results of Becker’s experiments even this point must 
not be wholly overlooked ; for we have introduced into the intestinal 
canal and the blood far more sugar than is ever found there during 
the digestion of the amylacea under normal relations ; and from this 
very circumstance several objections have arisen which affect not only 
Becker’s investigations, but likewise several experiments made by myself 
or Uhle. In the first place, it was established b^on^ all doubt, by 
three series of experiments, that after the introduction of large quantities 
of grape-sugar into the intestinal canal, this substance passed directly 
into the blood, where, indeed, it often accumulated in such lar^e quan- 
tity as to show itself in the urine. In tlie first 6#ies, saccharine solu- 
tions of various strengths were introduced by the previously described 

' Zeitsohr. f. wis. Zool. Bd. fi, S. 123. 
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methods into tied loops of intestine, when an augmentation of the 
normal quantity of sugar was constantly found in the blood ; in some 
cases it even rose to 0*6 and could therefore be detected in the urine 
(see note to p. 138). The same results were obtained from a second 
scries of experiments on rabbits, in which solutions of sugar were 
injected through the oesophagus into the stomach. The value of the 
experiment was often diminished by the circumstance that the abnor- 
mal distension of the intestine with an aqueous fluid loaded with sugar 
induced morbid phenomena and interfered very considerably with the 
resorption of the sugar. The third method of detecting the direct pas- 
sage of the sugar into the blood, consisted in allowing the animals a free 
supply of highly saccharine food. In this case also there was found to 
be a constant augmentation of .the quantity of sugar in the blood ; it was, 
however, only when the animals had been very voracious that any sugar 
could be observed to have passed into the urine. Thus there can be no 
doubt that a great part qf the sugar taken with the food or formed in 
the intestine during digestion, passes unchanged into the blood : and 
hence, although sugar is also formed in the liver, the quantity of this 
substance in the blood is directly proportional to the quantity of carbo- 
hydrates that have been taken — a fact which Bernard' has been led to 
deny, from his determinations of thh amount of sugar in the livers of 
various animals, although his own investigations shtw that the liver of 
herbivorous animals and birds always contains more sugar than those 
of carnivorous animals. 

Another question of much importance in relation to the resorption of 
sugar is, regarding the quantity which an animal of known size or weight 
can take up in a given time. Boussingault® found in his experiments on 
ducks, that one of these birds (the weight not being stated) was able to 
resorb 5‘62 grammes of sugar, or 5*26 grammes (the equivalent quantity) 
of starch in one hour. Von Becker found, in several experiments in 
which saccharine solutions were injected at intervals of a quarter of an 
hour into the stomachs, of rabbits, that for every kilogramme’s weight 
of the animal there were about 4*5 grammes of sugar abforbed in* the 
hour. No importance should, however, be attached to this determina- 
tion, since, as we learn by direct experiments, the quantity of sugar 
resorbed in a given time is very dependent on the concentration of the 
saccharine solution in the intestine. 

The circumstance that has been just mentioned leads us to a most 
important question in connection with the general process of digestion. 
We have pointed out in the introductory remarks to this section, that 
very little light has yet been thrown upon the manner in which those 
substances are fesorbed which are known to pass, as products of diges- 
tion, into the b(ood. In order to obtain an insight into this obscure 
subject, it seemed advisable to commehoe the investigation with the sim- 
plest and least complicated part of the inquiry, namely, with the determi- 
natiou of the laws affecting the resorption of sugar. The following 
means wdre employed to determine this point. Solutions of grape-sugar, 
of various but accnutttely determined strengths, were introduced into tied 

^ Kouvelle fonction du foie» p. 48. 

* Ann. de Chim. nt dn Fhys. 8 S4r. T. 18, p. 460. 
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loops of gut of different lengths, and the animal being killed after 1, ‘2, 
3, or 4 hours, both the'quantity of sugar remaining in the loops of gut 
and the quantity contained in the blood were determined. The follow- 
ing may be regarded as the most interesting of the results which von 
Becker obtained from this series of experiments, which amounted to 
nearly 60 in number ; the quantity of the abeorhed sugar is altogether 
independent of the length of the loop of gut or of the superficial extent 
of the absorbing surface. This thoroughly unexpected result was con- 
firmed in all the experiments; the quantity of sugar injected into the 
loop being the same, the resorption remained the same, however large 
the portion of intestine over which the solution of sugar was distributed ; 
if, however, a very short loop were taken, the rule would not hold good. 
Thus, for instance, 8 grammes of a saccharine solution, containing 0*278 
of a gramme of sugar in 7*722 grammes of water, were injected into tied 
loops of intestine in two rabbits of equal size ; in one of the animals the 
cubic contents of the tied gut amounted to, 27, 720 cubic milfometres 
[about 1*6 cubic inches j, and in the other to only 6,800 cubic milleme- 
tres [0*4 of a cubic inch] ; and yet, after four hours, only 0*281 of a 
gramme of sugar was resorbed frpm the former, while 0*225 of a gramme 
(or very nearly the same quantity) was taken up from the latter. In 
several experiments it was actually found that rather more, sugar was 
resorbed from the smaller than from the larger loop. 

A second fact which von Becker established by parallel experiments 
with two rabbits of similar size, was equally unexpected. While there 
is a general tendency to believe that the resorption of the intestinal 
contents proceeds with a rapidity and freedom proportional in a certain 
degree to the dilution of the solutions contained in the intestine, he 
found that, at all events, for saccharine solutions, precisely the opposite 
rule held good ; for it appeared that when equally large quantities of 
fluid were injected, the absorption of the saccharine solution stood in a 
direct ratio to its concentration ; that is to say, that the more concen- 
trated the solution is, the larger will be the quantity that is resorbed. 
Thas, for instance, in several experiments with solutions of sugar, one of 
which was four times more concentrated than the other, there were four 
times as much sugar taken up from 4he former as from the latter, in 
equal times ; or, while in the former base 90*6g of the sugar injected into 
the intestinal loop disappeared, in the latter case only 803 ^^ire resorbed 
during the same time. 

These rules, as well as the previously mentioned fact, that the intesti- 
nal loop absorbing the saccharine solution must have a size proportional 
to the quantity of tnigar, while an excess of size in the loop exerts no 
influence tm the absorption, are explained by those experiments of von 
Becker’s, which were instituted with the view of ascertaining the amount 
of absorption in different intervals of time, when dtjuafly large quanti- 
ties of equally concentrated saccharine solutions were injected. If we 
lay down a curve representing the amount of the absorption of sugar in 
tlie different intervals elapsing between the injection into the gut and 
the oomplete emptying of the loop, and based upon the sixteen experi- 
ments which were made upon this point, we see at the first glance that 
the absorption of sugar proceeds most rapidly at first, and afterwards 
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more gradually. Four rabbits of equal size were always used in these 
experiments, and equal quantities of the same saccharine solution having 
been injected into equally large loops of gut, the animals were killed in 
1, 2, 3, and 4 hours after the injection. (Inflammation was rocognizn- 
ble about 4 hours afterwards, at the places where the ligatures were 
applied.) Now if we perceive that the most abundant absorption took 
place at the commencement, that is to say, during the first hour, this is 
only a confirmation of the above law, according to which the resorption 
proceeds with a rapidity proportional to the concentration of the solu- 
tion. If, after the death of the animal, we observe the degree of fulness 
of the loop, we find that after the first hour it is thoroughly filled and 
distended with fluid, if the solution that had been injected was tolerably 
concentrated ; the volume of the fluid within the loop must, therefore, 
have considerably increased by the absorption of water from the blood 
of the intestinal capillaries. It follows from a careful comparison of 
the numerical results which have been thus obtained, tfiat the penetra- 
tion of the fluid into the cavity of the intestine proceeds with a strength 
proportional to the concentration of the saccharine solution contained 
within it ; and further: that the absorption of the sugar varies directly 
with this concentration. If the solution within the cavity of the intestine 
be very much diluted by the absorptidh of water, the further absorption 
of sugar only proceeds slowly. The previously menvsioned exceptions to 
th^ first of these laws strengthen the evidence in favor of this law ; for 
if a concentrated solution of sugar be introduced into too short a loop, 
into which the influx of aqueous fluid from without is consequently 
difficult or impossible, we find even after 4 hours that it" is strongly dis- 
tended, and that very little sugar is absorbed. Thus, for instance, from 
8 grammes of a solution containing 0*982 of a gramme of sugar, 0*889 
of a gramme (or 90*53g) of sugar was absorbed by the loop containing 
30,800 square millemetres of superficial area, while only 0*182 of a 
gramme (or 18*6348) of sugar was taken up from the loop presenting 
11,160 millemetres of surface, after the lapse of 4 hours. 

It is sufficiently apparent, even from this simple statement of>*the 
positive results of von Becker’s labors, that unexpected as at first %ight 
many of the facts appear, they are yet in the most perfect accordance 
with the laws of endosmosis in so far as they are yet known. For if we 
only remember, for instance, the method by which Jolly determined his 
endosmotic equivalents, in which, in the place of the dissolved salt, a 
definite and corresponding quantity of water always enters into the en- 
dosmometer, and where 1 part fcy weight of sugar is always replaced by 
7 parts of water, we can at once understand the augmentation in the 
contents of the loop, which we perceive during the first hour after the 
injection of a concentrated souition, while the absorption of sugar is 
going on most actively. If the loop be too short for the concentrated 
saccharine solution, it can only take up a small quantity of water, and 
henc^ only a small quantity of sugar, corresponding to the absorbed 
water, can be given off; and we thus have an explanation why we ob- 
serve only a very slight absorption of sugar, associated |^th considerable 
distension of the loop, in such cases. Finally, we see from this endos- 
motic law, why the size of the loop (unless when it be too small) exerts 



S U Q A R. 


401 


no influence on tho absorption of sugar ; for if the loop be suflBciently 
great to allow the equivalent quantity of water to enter, no more sugar 
than the quantity corresponding to this water can ever escape, however 
great the loop may be. Since the quantity of water which enters is 
dependent upon the amount of sugar in the injected solution, the absorp- 
tion will be precisely tho same in loops of tho most varied size, provided 
the concentration of the solutions be the same. 

These few indications are sufficient to show- that the recognized laws 
of physics are perfectly sufficient for the explanation of the resorption 
of sugar in the intestine, and that we are not justified, from the facts in 
our possession, in referring intestinal absorption to special vital forces. 
Hence von Becker’s persevering labors have advanced us a further step 
in the knowledge of the physical phenomena in animal life. 

Before we proceed to consider the relations of the fat conveyed from 
without into the intestine in the process of digestion, wo must briefly 
direct attention to certain carbo-hydrates ajid non-nitrogen ous bodies 
which have not yet been mentioned. To begin with cane-sugar^ Frerichs 
maintains, in opposition to Bouchardat and Sandras, that this sugar is 
not converted into any other fprm of sugar (asf for instance, glucose), 
either by the saliva or the gastric juice. My own observations do not 
lead me to accord»with Frerichs’ View. It was only recently ihat Ifound 
in repeated experiments, that after rabbits had been fed with beet-root, 
glucose was invariably present in the stomach and duodenum, while cane- 
sugar was never found ; even when large quantities of cane-sugar were 
dissolved in water and injected into the stomachs of rabbits, glucose was 
the only kind of sugar that could be found an hour afterwards in the 
stomach and in the whole of the small intestine. Perfectly similar 
results have likewise been obtained by* von Becker in the numerous expe- 
riments which he instituted on this subject ; it was only rarely that he 
could trace cane-sugar so far as to the middle of the jejunum, even in 
those cases in which large quantities of this substance had been intro- 
duced into the stomachs of animals (cats and rabbits). Since neither 
th* saliva nor the gastric juice is able to effect a rapid conversion of 
c^e-sugar into grape-sugar (or glucose), it only remains for us to assume 
with von Becker, than this transformation of cane-sugar into glucose is 
produced by the action of the substdnees in a state of change which are 
always present in the intestine. 

Sugar of milk appears, both from my own experiments and from those 
of von Becker, to comport itself in the^intestinal canal in precisely the 
same manner as glucose ; it distributes itself very rapidly throughout 
the whole of the small intestine, and in about an hour after it has been 
swalldwed may be traced as far as the caecum ; but like glucose and cane- 
sugar, it occasions, an intensely acid ve^rction in the jejpnum and ileum, 
which remains for three or four hours after the injdbtion of the sugar. 

Vegetable mucuA {Baasorin) made the subject of several experi- 
ments by Frerichs,^ who found that during the process of digestion, at 
all events the . greater part of it was not altered, and reappeared un- 
changed with uie excrements. [Gum tragacanth, in which bassorin 

> Ha&dworterbucli der Pbysiologie. Bd. S, Abt. 1, S. 807. 
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exists abundantly, was the substance actually experimented upon by 
Prerichs. — G. B. 

Like Blondlot, Irerichs convinced himself that vegetable jelly {pectin, 
and its derivatives) is totally unaffected by the digestive fluids. 

No group of nutrient matters has presented so many difficulties to phy- 
siologists as that of the fate, and even in the present day we must not 
flatter ourselves that we perfectly undei’stand the process of their diges- 
tion. 

We shall, in the first place, notice the successive changes which may 
be perceived to take place in the fat in its passage from the mouth down- 
wards in the different parts of the intestinal tract. We could scarcely 
expect to observe any changes in the fat while in the mouth and in the sto- 
mach ; for we have already seen that both the saliva and the gastric juice 
are devoid of any influence either of a mechanical or chemical nature 
upon it ; and in point of fact, we find on examining the contents of the 
stomach* after the use of fat (whether it has been taken alone or in con- 
junction with other substances), that the fat itself has not undergone the 
slightest change. Every physiologist, moreover, coincides in this point, 
that the digestion of ft.t commences in the duodenum. 

In the duodenum, and still more in its further course along the small 
intestine, w:p find that the fat ceases to appear in largo drops or semifluid 
masses; the further we descend in the small intestine, so much the 
smaller do we find these drops becoming, till at length the fat appears 
very finely comminuted, and the chyme presents an emulsive appearance. 
Since we see the lacteals distended with white (fatty) chyle after the use 
of fatty food, it is obvious that the principal course by which the fat 
makes its way into the blood is through the lymphatics of the intestinal 
walls. If, however, we follow this'fat, which is easily recognizable with 
the microscope, in its course from the cavity of the intestine to the 
finest branches of the lacteals in the villi, we find that notwithstanding 
repeated rinsings with water, fat-globules may be perceived at intervals 
on and between fhem, which, however, only adhere externally to the 
epithelium of the intestinal mucous membrane. The occurrence of these 
external globules on the epithelium is at perfectly natural phenomenon, 
and there is no difficulty in distinguishing them from fat-globules within 
the epithelium and from other cells.'* Now if we consider l^e epithelial 
cells themselves, whether they are still adherent to the villi, or have 
peeled off in largo thimble-like shreds, we very frequently find fat-glo- 
bules in them, which, however, are not to be observed, or are few in 
number, after the use of food free from fat. During digestion the 
cylinder epithelium is often somewhat distorted in form, and presents a 
distended appear&nce ; the broad mai'gin of the base of the conical cylin- 
der epithelium is raised up into an extremely thin and hyaline, strongly 
copvex, or perfectly hemispherical cover. Below the epitheUam we per- 
ceive the lacteals commencing in small. club-like dilatations, and sur- 
rouaded by a layer of vesicular or cellular bodies, which i^pear as if 
they it'ere imbedded in an undefined fibrous mass, the true parenchyma 
pf the villi; more externally, near the peripheral inveetment of the 
villi with cylinder epithelium, there are not only the contractile fibre- 
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cells which were first seen by Briicke, but also the small trunks of the 
bloodvessels which communicate with ofie another by a very fine network 
of capillairies. According to E. H. Weber, ‘ there is, however, a layer 
of roundish cells, in addition to the bloodvessels and lacteals, between 
the epithelium and the true parenchyma of the villi ; in the fasting state 
these cells present a collapsed appearance; but during digestion they 
become filled and much distended. It is, moreover, worthy of remark, 
that very often (but not always) some few of these vesicles are filled 
with a dark granular matter, while the great majority amongst which 
they are interspersed, are distended with a light fluid exactly resembling 
oily fat ; we very often see a large vesicle (dark in transmitted, but 
white in incident light), and by its side another vesicle equally distended 
with a strongly refracting fluid ; in addition to the very distended cells 
of these two kinds, which are for the most part situated on the apices of 
the villi, we always remark gradual transitions to minute granules, some 
of which are light and others dark, as far as the immediate neighborhood 
of the finest ramifications of the lacteals in the villi. While Weber 
regards these light and dark vesicles as a layer of true cells between 
the epithelium and the parenchyma of the villus,* and is consequently of 
opinion that the epithelium cannot bo regarded as in a^ormal condition 
without this layer*of germs, other investigators, and especial^ Kblliker,® 
Bidder and Schmifit,* and Frerichs,^ look upon these vesicles, as well as 
the branching lacteals of the villi, only as masses infiltrated into^the 
spongy parenchyma, and consider that these vesicles, whether filled with 
refracting or granular matters, possess no true walls. Bruch^ adopts 
this view in a memoir which he has very recently published, and shows 
that in all probability the branching lacteals running towards the margins 
of the villi are merely bloodvessels, which are able to resorb fat during 
the process of digestion equally well with the lymphatics. 

As there has hitherto been much uncertainty regarding the morpho- 
logico-objective facts connected with the resorption of fat, so also has 
there been much obscurity and controversy in the views that have been 
br(!taght forward regarding the mechanical processes by which the transi- 
tion of the fat from the intestine into the lacteals and bloodvessels is 
effected ; and the reason of this will.be readily understood when we take 
the following points into consideration. The animal body is everywhere 
permeated by an aqueous fluid ; the fats are, however, absolutely in- 
soluble in water and aqueous solutions ; hence they cannot undergo dif- 
fusion in the ordinary sense of the word, and the irresistible evidence of 
diily experience demonstrates that oily fluids cannot penetrate through 
membranes moistened with water. Viewing the case chemically, we may 
say that the fats are, in a certain sense, somewhat easily decomposable ; 
but independently of the circumstance that 8ty)nger reagents are 
necessary for this decomposition than we are accustomed to find in the 
intestine, a closer investigation shows us that the fat found in the lacteals 
is in precisely the same condition as that which is contained in the chyme, 

• Mliller’s Areh. 1847, S. 899. * Mikrosk. Anat. Bd. 2, S. 168. 

* Op. oit, p. 280. * Handworterb. d. Pbysiologie. Bd. 8, Abt. 1, S. 854. 

^ ZeitBch. f. wiss. Zool. Bd. 4, S. 282-298. 
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and, consequently, that the assumption that the fat is decomposed during 
its resorption through the lacteeAs is inadmissible. We are led, there- 
fore, to the view, that certain special cells in each of the villi*are solely 
devoted to the absorption of fat ; the appearance of some transparent 
vesicles filled with fat, and of other opaque ones distended with granular 
matter, seeming to confirm this view. The chemist who is in the habit 
of separating the fat from aqueous fluids, sometimes by a filter satu- 
rated with water, and sometimes by one saturated with oil, will probably 
regard this mode of explanation as satisfactory. Thus, indeed, the ab- 
sorption of fat in certain superficial parts of the villi could be explained ; 
but not the admixture of fat in their interior, since the fat in the mi- 
nutest branches of the lacteals is seen to be in a state of extreme com- 
minution, and is mixed with an albuminous fluid. Although the admix- 
ture of fat with an aqueous fluid is regarded as impossible upon the sur- 
face yet, its possibility is hero being assumed where we can no longer make 
direct observations. All the former attempts to explain the digestion and 
resorption of fat are open to the same objections, since as we have already 
mentioned (in vol. i. pp. 492 and 606), the property of forming emulsions 
with oily fat, and, confeequently, of promoting the resorption of that sub- 
stance, has becn» ascribed by some physiologists to the bile, and by others 
to the pancreatic juice, although we know that the fatty particles of an 
emulsion very imperfectly, or scarcely at all, penetrate through a moist 
filttsr or a moist membrane. It is, however, impossible to deny that the 
emulsive condition of the fat essentially facilitates its resorption ; the 
bile may, at all events in association with the pancreatic juice and with 
the co-operation of the intestinal movements, reduce the fat to a state of 
emulsion, that is to say, diffuse it in minute particles through the watery 
fluid; but this in no degree serves “to explain the mechanical process of 
resorption. Since Bidder and Schmidt first proved by their experiments 
that bile was unquestionably necessary for the digestion of fat (see 
p. 494 of vol. i.), von Wistinghausen* has succeeded, under their 
directions, in discovering the physical conditions under which the re- 
sorption of fat occurs. He has ascertained that oil cannot be nAde 
to penetrate through animal membranes without considerable pres- 
sure, but that it may^e forced thfough with comparative facility when 
the membrane is saturated with a fluid which adheres tCi, or has an 
affinity for oil. When the membrane was moistened with a solution of 

E otash, an abundance of saponified oil appeared on this side of the mem- 
rane in the course of 10 hours, under the pressure of a column of mer- 
cury of from 1*75 to 8*37 millemetres [or from *068 to *132 of an inch], 
and associated with it was free fat which had been mechanically bmne 
along by the soap. When a mixture of equal parts of potash-lye and 
albumen was emplojred, the oil passqd 'through the membrane even with- 
out pressure, although in very small 'qumtity, while in this case also a 
soap Vas formed. The oil, however, passed through animal membranes, 
wit&otft.-hcing saponified, when they were saturated with such-fluids as a 
solution of soap or bile. 

Even if these experiments cannot be considered as having entirely 
elucidated all the conditions affecting adhesion, they place it beyond a 

< Diss. inaug. Dorp. Liven. 185L 
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doubt that the presence of bile is essentially necessary for the resorption 
of fat, since this fluid renders these delicate membranes permeable by 
the fat. It is, however, obvious, that if the membrane or cell-wall be 
once saturated with a bilio-oleaginous fluid, it will the more readily per- 
mit the passage of more fat, and consequently that the inequality in the 
filling of the individual tvesicles either with fat or with a granular aqueous 
fluid admits of a very ready explanation. These differences may, however, 
manifest themselves more in the outer portion than in the interior of the 
villi, since the pressure which at intervals is exerted by the organic mus- 
cles of the villi on the interior, obviously contributes very much, as von 
Wistinghausen’s experiments show, to the intimate admixture of the oil 
and the aqueous fluid, which must, therefore, take place at the very com- 
mencing points of the lacteale. 

If, as we learn from Bidder and Schmidt’s experiments, a small frac- 
tion of the fat is resorbed, even without the co-operation of the bile, this 
is to a certain degree explained by the subsequent experiments of von 
Wistinghausen, even if we are unable specially to indicate the exact 
pressure or the exact substance which effects the transition of this small 
quantity of fat. , 

After the preceding remarks it is obvious that no further proof is re- 
quired that the fat is principally resorbed by the lactealg. It must, 
however, be obvieus from Schmidt’s and my own observations (vol. i. p. 
619), that the capillaries also take up fat, although in less considcivible 
quantities ; for the augmentation of fat which we observe in the portal 
blood of animals a few hours after they have been fed, cannot with any 
probability be explained by such an assumption as that the carbo-hy- 
drates resorbed by the intestinal capillaries become converted into fat in 
their passage from the intestinal entity to the portal vein. The above- 
mentioned observation of Bruch’s, who saw fatty chyle-like masses be- 
side blood-corpuscles in the capillaries of the villi, seems (as there does 
not appear to be any possibility of error in the observation) to afford the 
most distinct proof that there is a direct transmission of fat into the 
bk>od of the capillaries from the epithelial cells and the parenchyma of 
tie villi. 

We now proceed to that group off substances which must undergo an 
essential change in the intestinal cUnal before they arc capable of being 
resorbed ; to this class belong not only the alhuminmin substances, but 
also their more or less remote derivatives, as for instance, many gelati- 
genous substances, and likewise a number of less-known matters^ as 
synaptase and diastase, the poison of solvents, curarine, &c. Hitherto 
attention has naturally been, for the most part, directed to the behavior 
of the. albuminous matters in digestion. We have alrdhdy, when treating 
of the function of the gastric juice (in vol. i. pp. 449-456), considered this 
subject somewhat in detail. We there showed thftt the albuminous mat- 
ters are not merely dissolved by the gastric juice, but are likewise con- 
verted into matters , which, although similar in their elementary composi- 
tion to the substances from which they were derived, yet differ essentially 
from them in their physical, and in several of their chemical properties. 
We have proposed the term peptones for the albumen, fibrin, casein, &c., 
after their metamorphosis by the gastric juice, and we believe that it is 
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these peptones which undergo resorption in order to be again very soon 
converted in the lymphatics into the well-known coagulable albuminous 
matters. We have been further taught by the experiments of Bidder and 
Schmidt, that the gastric juice which is secreted is far from being suffi- 
cient for the digestion of the protein-bodies necessary for nutrition (see 

Gastric Juice”), and that the intestinal juice possesses in a high degree 
the faculty of dissolving the protein-bodies, and thus preparing them for 
being resorbed (vol. i. p. 510). This metamorphosis of the protein-bodies, 
and their subsequent resorption, should, however, be confined solely to 
the small intestine, which is the only part of the intestinal tract in which 
true villi occur ; for if we had no evidence from comparative anatomy 
that the caecum and colon exerted only very little influence on the diges- 
tion of the albuminates in carnivorous animals, the direct experiments 
which have been recently instituted, partly by Steinhauser and partly 
by myself, show that albumen and pieces of flesh when introduced into 
fistulous Openings in the lower part of the jejunum, or into an artificial 
anus, pass off almost entirely unchanged by the rectum (see “ The In- 
testinal Juice.” 

We shall refer, under this fourth gro,up of digestive objects, almost 
solely to the protein-bodies and their immediate derivatives ; it is, how- 
ever, not improbable that many other substances which do not possess 
the high physiological value of the albuminates, may j-et comport them- 
selve^s during digestion in a very similar manner, and we have already 
mentioned the gelatigonous tissues in connection with this point. Possibly 
also we should place in this category certain poisons, which, like the 
protein -bodies, cannot be directly resorbed by the bloodvessels, but must 
be first so changed by the gastric and intestinal juices, that after being 
absorbed by the lacteals they pass as innoxious matters into the blood. 
Diastase and emulsin are substances which in many points of view «.re 
very closely allied to the protein-bodies, although we cannot place them 
in this class. We know that emulsin undergoes the same changes during 
digestion as the true protein-bodies ; for it has been shown by the experi- 
ments of Magendie and Bernard,' that pure amygdalin exerts no injuriov® 
effects upon the health or the life of animals, either when swallowed or 
when directly introduced into the blcod ; if, however, emulsin be simulta- 
neously introduced into the stomach or into the blood, decomposition is 
set up in the amygdalin, and the prussic acid which is formed destroys 
the life of the animal. I allowed rabbits to eat sweet almonds, and 
injected amygdalin into the jugular vein, 1, 2, 4, and 6 hours after they 
had fed ; the animals remained" perfectly vigorous. I then reversed the 
experiment, and injected emulsin into the vein, while 1 introduced a solu- 
tion of amygdalin into the stomach of the animal ; symptoms of poisoning 
by prussic acid very soon presented themselves. Since, however, we 
cannot demonstrate in •this manner that the emulsin has actually been 
metamorphosed by the digestive fluids, and has consequently lost its 
influedbe on the amygdalin, and since it is conceivable that em^sin, like 
gum, might, be incapable of resorption, and passed off unchanged with 
the excrements, I collected the excrements of a rabbit which had been 


' Arch. gen. dc Med. 4 S^r. T. 16, p. 79. 
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fed for 48 hours on almonds, and mixed amygdalin with them ; but I 
could detect no trace of any evolution of prussic acid ; indeed no decom- 
position of the amygdalin was induced oven by the cmcal contents of 
the same animal. 

A number of other bodies, which have certainly been less accurately 
investigated, but which coincide in their quantity of nitrogen, in their 
insolubility in spirit, and in their solubility in water, comport themselves 
in an analogous manner with emulsin. Of all these substances, curarine 
has probably been most accurately examined, thanks to the labors of 
Boussingault and Roulin.* This substance, when introduced into the 
stomach and intestines, does not induce the slightest morbid phenomenon, 
whilst if it be conveyed into the blood, it causes the almost instantaneous 
death of the animal, without any premonitory symptoms; and very 
similar, both in a toxicological and in a chemical point of view, is the 
poison of the viper, as well as those poisons w|iich are produced during 
contagious diseases, as hydrophobia, glanders^ typhus, &c. ; thi^ view is, 
at all events, supported by the recent experiments of Renault.* who con- 
vinced himself that both carnivorous and omnivorous animals could, 
without any detriment, feed uppn the flesh of animals which had been 
afFected with these diseases, while the juices of such flesh or similar 
effluvia, when intreduced directly into the blood or into a wound, occasion 
the most fatal effects. 

This peculiar behavior of all these substances proves that they cannot 
be rcsorbed in an unchanged condition either by the capillaries or the 
lymphatics of the intestinal canal. Since most of them cannot be again 
recognized in the solid excrements, they must undergo so complete a 
change through the action of the digestive fluids, that when they at 
length make their way into the bloOd, they can no longer exert their 
former poisonous actions. Even if we cannot altogether agree with 
Bernard® in his view that animal membranes are absolutely impenetrable 
to those substances (emulsin, diastase, curarine, and the poison of the 
viper), this much, at all events, is certain, that these substances, like 
alWmen, exhibit very slight endosmotic force. Miaihe and Pressat* 
have, moreover, recently attempted to show that the fresh albumen of 
the egg can only penetrate animal •membranes, when the latter have 
attained a certain degree of putrefaction ; but repeated experiments 
with various animal membranes (previously treated ‘with alcohol, and 
afterwards rinsed with water) have convinced me that th^ are not per- 
fectly impenetrable by albumen, emulsin, and diastase. The only point 
which is established beyond all doubt is, that all these substances pass 
with difficulty through animal membranes, and that their diffusibility is 
extremely small. (Graham found the difiusibility of %ugar 8^ times as 
great, and that of chloride of sodium 19 times as greqt as that of albu- 
men.) In the preceding remarks we can see the re&son why the protein- 
compounds, which are apparently ready to be applied at once to the 
purposes of nutrition, must first undergo a metamorphosis, through the 
influence of the digestive juices before they are resorbed. If it were not 
for the gastric and intestinal juices, soluble albumen and casein would 

' Ann. de Chim. et de Phye. T. 89, p. 24. * Compt. rend. T. 88, pp. 682-635. 
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be absorbed in far too small a quantity from tbe intestinal canal to suf- 
fice for the nutrition of the organism. 

An observation made by Bidder and Schmidt,* although not very ac- 
curately carried out in all its details, may serve to* give further support 
to the above view. These experimentalists have repeatedly observed 
that the contents of the thoracic duct did not coagulate for several hours, 
and then only imperfectly, in dogs, in which the pancreatic duct had 
been closed for a long time, whereas, ordinarily, these contents become 
coagulated in a few seconds. Will -not this result, if its connection with 
the absence of the pancreatic juice in the intestine be confirmed by 
further investigations, serve to demonstrate that the pancreatic juice 
itself exerts an action on the metamorphosis of the peptones, oven after 
their resorption into the lacteals, and that it probably contributes in 
some degree to the regeneration of certain albuminates from the pep- 
tones? At all events, this observation is in perfect accordance with the 
result of our experience, that the albumen-like bodies, as emulsin, dias- 
tase, &c., are not capable of resorption, as well as with the view, which 
we have boldly maintained, that the albuminates in their unchanged 
condition are only rc80.”bed in an extremely small quantity, the greater 
part of them being previously converted into peptones. 

We are as little able to explain the reason why special vessels exist in 
the organism for the resoi’ption of the digested protein-bodies and their 
derivatives (that is to say, their peptones), as to recognize the physical 
conditions which direct these substances, although not exclusively, yet 
chiefly, to the lacteals in preference to the bloodvessels. To speak 
candidly, we must confess that we have no definite idea of the mechanism 
of resorption through the lacteals. All experiments made with the view 
of explaining the process of absorption by tbe lacteals, refer solely to 
the mechanism of the continuous motion of the fluids in them, but not 
to the true process of absorption. After having formerly determined 
all the incidental or indirect means by which the motion of the chyle 
and of the lymph is effected — the special a tergo which does not 
admit of a physical definition — we at length find Briicke’s* discovery^of 
fibre-cells in the intestinal villi (a fact which has been confirmed by Kbl- 
liker),® afibrding a sufficient indication regarding the primum movens of 
the motions of the lymph. Since,'' moreover, Lacauchie,* Gruby and 
Delafond,* and n»ore recently Briicke and Kfilliker, have witnessed 
obvious contractions of the villi, we can hardly doubt that it is these 
contractions which communicate the first impulse to the motion of the 
chyle in the minutest ramifications of the lacteals. But although the 
discovery of fibre^cells in the villi has revealed to us the mode in which 
the commencing branches of the lymphatics are emptied, we have as yet 
made no advance^ towards the explanation of the manner in which these 
minutest lymphatic branches become filled. We have already men- 
tioned that tbe capillaries of the villi present a closer resemblance than 
the lacteals to the root-fibrils of plants, in so far as absorption is con- 
cerned’ : In the lacteals there is neither any fluid which is 80<eoncen- 

’ p. 259. * Beriohte d. k. k. Akad. d. Wise, zu Wien. 1851. 
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trated, nor any substance Mrhich is so soluble, as to occasion an attraction 
of the fluids from the intestine ; and, indeed, the apices of the lactcals 
do not even float in the intestinal fluids, which must pass through several 
series of cells, and tnon come in contact with the minute capillaries, 
before they reach the true lacteals. One might almost wonder that, 
considering how great the absorbing power of the bloodvessels is, and 
that all the fluids must pass over them, so much important nutrient mat- 
ter can find its way into the lacteals. It would appear, therefore, as if 
only those matters were taken up by»the lacteals which the bloodvessels 
can only absorb with difficulty, or not at all. From these considerations, 
based on anatomical structure, as well as from certain experiments which 
showed that many membranes are only permeable for certain substances 
(as, for instance, caoutchouc for spirit, and not for water, the bladder of 
the pig for water, and not for spirit, &c.), we have been led to believe, 
with Lotze,^ that the coats of the bloodvessels on the one hand, and 
those of the lacteals on the other, have a specific action, and allow one 
substance to pass through them,” but not another. But even if we 
assume that there is such a specific difference in the membranes in ques- 
tion, we yet obtain no explanation as to the special agent which forces 
the matters through the walls of the lymphatics. The walls of the lac- 
teals present opposition to the substances which are heterageneous to 
them, but they do*not on that account attract those by whicli they are 
permeable. The assumption of a specific permeability of the mombrjwies 
does not, therefore, clear up the obscurity regarding the absorption by 
the lacteals. 

We may not, perhaps, have sufficient grounds for the assumption of 
an altogether special (or specific) permeability of the different mem- 
branes ; we may well suppose that differences in their thickness, tension, 
and other purely mechanical relations render the membranes, which in a 
chemical point of view are analogously constituted, more or less per- 
meable for physically and chemically differing substances, so that no 
individual membrane could be characterized as absolutely impermeable. 
Independently of the great similarity in the chemical constitution of 
these animal membranes, those ekperiments on the resorbability of certain 
substances (poisons) through the bloodvessels or lymphatics, which have 
given rise to so much literary discussion, are opposed to the absolute im- 
permeability of a membrane for the passage of certain matters. Thus, 
for instance, it appears to us that, contrary to Henle and Dusch’s* view, 
it has been tolerably well proved by the numerous experiments of Bis- 
choff,® Ludwig,^ and Stannius,* that the lymphatics can absorb strych- 
nine, and convey it into the blood, although far more slowly, and in 
smaller quantities, than the caj[>illaries. Hence we alEfb believe that the 
caution which is so necessary ifl this part of our inquiries demands that, 
instead of assuming that a perfectly specific relation is shown by dif- 
ferent membranes towards different solutions, we should admit nothing 
more than gradual differences in this respect. On this account we have 
not ventured to maintain that albumen and fat, for instance, are solely 
resorbed through the lymphatics, whilst salts and alkaloids are alone 

' Allg. Physiologic S. 260. • Zeitsebr. f. rat. Med. Bd. 4, 8. 808-874. 

» Ibid. Vol. 6, p. 293. * Ibid. » Arch. f. physiol. Ileilk. Bd. 9, S. 23. 
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rcsorbed through the bloodvessels. We must not forget, in endeavoring 
to form some idea of absorption from these experiments, that, on the 
one hand, we may probably still be ignorant of the physical laws by 
which those molecular motions are to be explaidted, and that, on the 
other hand, we may. not be sufficiently well acquainted with the course 
of those phenomena which manifest themselves in the villi and in their 
elements during absorption. The comprehension of these phenomena is 
so extremely difficult, that even the best observers are not agreed in 
reference to many of them. It npst be further borne in mind that 
chemical as well as molecular movements* are here brought into play ; 
but when we assume the concurrence of mechanical and chemical move- 
ments, we do not take into consideration the metamorphoses which the 
chyle undergoes in the vessels themselves before it reaches the subcla- 
vian vein. Still less would we refer to the very hypothetical conversion 
of sugar into fat within the villi ; but we might be led to conclude, from 
the striking difference in the optical appearance of the cells described 
by Weber, that, in addilion to the mechanical absorption, certain 
chemical alterations actually occur in the villi ; thus, for instance, if we 
find in a certain porti^ of the intestine many strongly refracting vesi- 
cles, we shall also find, somewhat higher up, where the absorption is half 
completed, many others which are granular and dark (appearing white 
in incident light), and some of which are partially filled with a granular, 
and others with a lighter mass ; and still higher up in the intestine we 
find only cells which are filled with granular matter. .No conclusions 
ought to be drawn from these experiments of Weber, which we have 
only quoted for the purpose of showing that, even in an anatomical point 
of view, there is much to be done before we can hope successfully to 
arrive at any explanation of the pnocess of resorption. 

Bidder and Schmidt have at all events the merit of being the first to 
determine directly the quantity of fluids which are poured into the intes- 
tinal canal as digestive agents. The result of these investigations very 
considerably exceeds all the assumptions which had hitherto been ntade 
in reference to the amount of any of the secretions ; who could hjive 
conceived, or ventured to assert, that the juices which flow into the in- 
testinal canal in the tjsrenty-four h^urs amount to almost the sixth part 
of the whole weight of the body ? *If we apply to the case of an adult 
man the quantitative relations of the individual secretions obtained for 
animals according to the above data, by Bidder and Schmidt, it follows 
from their calcmations, that a man whose weight is about 64 kilo- 
grammes [or about 10 stone] will secrete in the 24 hours, 

Saliva ambantiae to 1'6 kilogrammes, containing 15 grammes of solid matter. 

Bile “ • 1-6 “ *‘ 80 “ 

Gastric juice 6*4 “ “ . 192 “ 

Pancreatic juice* ^0-2 “ “ *■ 20 “ 

Intestinal juice 0*2 “ “ about 8 “ 

The quantity of fluid which passes from the blood into the intestine 
durii;;|g the 24 hours is therefore far larger than the amount of blood 
which^according to the most probable recent determinations, is contained 
in the body of an adult. This mass of fluid, which contffins only 310 
grammes o^ solid constituents (and therefore, 3*1 g) is especially designed 
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to rinse and purify the absorbed food; and hence we may take the view, 
long since adopted by Berzelius, that digestion is a true process of rins- 
ing. But however obvious the aim of this abundant secretion of aque- 
ous fluid may be, sincelt not only favors the solution of the food, but essen- 
tially contributes towards its resorption, we ought not to forget that it 
at the same time imparts an extraordinary motion to the fluid masses 
within the animal body. The blood within the vessels not only circulates 
in the course of a few minutes through the whole of the body, but it 
also carries a considerable mass of fluid into the intestinal canal, from 
whence, in a longer or shorter^time, it is again almost entirely restored 
to the 'Vessels. This continuous ebb and flow of aqueous solutions can 
scarcely fail to exert an influence or to react upon the processes of nutri- 
tion and metamorphosis generally, which originate in the blood. We 
might perhaps have formed some idea of these relations from what we 
learnt of the destiny of the bile in the organism after its secretion, and 
of the purposes which the formation and secretion of bile were dbsigned 
to fulfil in the intermediate metamorphosis of matter. We have seen that 
the bile is poured into the intestine in order to be again almost completely 
resorbed ; and we have found thfit not only its wntcr repeatedly circu- 
lated through the portal vein, liver, and intestine, but also that its solid 
constituents were fer the most part Returned into the blood through the 
lymphatics. A portion of the organic matters must, therefore, first pass 
through the stage of biliary formation, and then return from the intes- 
tine into the blood, in order that it may be applied to further purposes. 
As the bile shows itself to be not merely a simple secretion, designed for 
the digestion of definite substances, so also the other secretions, which 
are poured in such abundance into the intestine without leaving a trace 
of their solid or fluid constituents in the excrements, may servo to carry 
away with them from the blood into the intestine different substances 
which have become temporarily effete, in order that they may be carried 
back to the blood after having been subjected to metamorphosis, and ren- 
dered available for further purposes. 

This transfusion of certain substances into the secretions, and their 
return into the blood, is not limited to the normal organic and inorganic 
constituents of the secretions ; for we» find, after the copioiA transfusion 
of water into the blood, that not oAly is the quantity of water in the 
secretions increased, but that there is often a simultanceus augmentation 
of their solid constituents, which are separated with them from the blood. 
The effete matters undoubtedly often pass through this course more than 
once ; thus we frequently see iodide of potassium pass into the saliva (as 
witnessed by myself), ferrocyanide of potassium into the gastric juice 
(Bernard), arsenic, lead, and copper into the bile (Meurer*and others), and 
iron into the intestinal juice (Buchheim), all of which oft^n remain a very 
long time in the organism beforS they are returned fb the external world 
through the special organs of excretion. The elucidation of the above 
relations is perhaps one of the most important atnong the numerous 
interesting contributions to science which have resulted from the inves- 
tigations of Bidder and Schmidt, who have conducted these inquiries 
with equal intelligence and perseverance. We shall revert to this subject 
under the head of “ Nutrition,” when we shall have to consider the in- 
termediate metamorphosis of matter — that process which to a certain 
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degree is effected in the living organism, independently of absorption 
and excretion. 

Important to physiology as is the knowledge of the influence exerted 
by the nervous system on the molecular movements in the animal body, 
yet an inquiry of this nature, strictly speaking, scarcely belongs to the 
domain of physiological chemistry, seeing that we are still entirely igno- 
rant of the chemical phenomena which are associated with the function 
of the nerves. Since, however, in the establishment of theories regard- 
ing animal metamorphosis, the existence of the nerves and their influence 
on the individual factors of this process hi^e been almost entirely ignored 
from a chemical point of view, it-might not be wholly out of place were 
wo here to observe, that the more recent physiological investigations 
have established beyond all doubt the direct dependence ofccertain secre- 
tions upon definite parts of the nervous system. 

We have already frequently had occasion to refer to Ludwig’s' impor- 
tant inVfestigations in relation to the secretion of the saliva. It appears 
from these observations, that there is not the slightest amount of saliva 
secreted independently of the influence of the nerves, and that the secre- 
tion is not effected indirectly by nervous excitation, that is to say, 
through the agency of contractile parts or by increased pressure of the 
bloodvesseUj but directly through the special influenee of the nerves. 

The direct influence of the facial nerve upon the secretion of the 
pai’otid gland, the indirect action of the third branch of the fifth pair 
(by inducing the movements of mastication), and the reflex action through 
the glosso-pharyngeal nerve, have been investigated in rabbits by Rahn,® 
vnder the direction of Ludwig, with all the acuteness of experimental 
criticism. 

Ludwig’s admirable investigations afford some grounds for the belief, 
that all those secretions which only appear at certain times or in conse- 
quence of definite excitants, as for instance those of the gastric juice andT 
of the pancreatic fluid, are only produced under the action of certain 
groups of nerves. The correctness of this view, in reference to the two 
last-named animal juices, seems to be confirmed by the observations 
recently repeated by Bidder and SchmMt,® that the gastric juice is copi- 
ously effused into thetstomachs of dogs when flesh or any other attractive 
food is placed before them while fasting. But although we certainly 
cannot deny the mfluonce of the nerves upon the secretion of the gastric 
juice, we are entirely unable to determine upon which nerve this secre- 
tion depends. It has generally been referred to the pneumogastrios, and 
in recent times with more certainty, since Ed. Weber’s^ admirable ex- 
periments (of which I was myself a witness) have provod beyond a doubt 
that these nervol exert a direct influence on the contractions of the mus- 
cular coat of the stomach. The direct observations whioh have been 
made in reference tef the secretion of tHb gastrie juioe after the division 
of both the pneumogastrios have, however, led to entirely opposite re- 
sults. Whilst Arnold, Reid,* Leuret and Lassaigne, as well as Longet,” 

• Op. oit. and Zeitsohr. f. rat. Med. N. F. Bd. 1, S. 266-277. 

« ZeOsehr. f. rat. Med. N. P. Bd. 1, S. 286-292. » Op. oit. p. 85. 

^ Handworterbaoh der Physiologie, Bd. 8, Abt. 2, 8. 41. 

® Edin. Med. and Surg. Journ. Vol. 61, p, 810. 

® Arch. g6n, de M6d. T. 16, p, 230, and Compt. rend. T. 14, p. 266. 
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following the views of Joh. MiilleH and Dieckhoff,® could not perceive any 
change in the character of the secreted gastric juice in consequence of 
the division of the pneumogastric nerve, Bouchardat and Sandras,® and 
subsequently to them Bernard^ and Freriohs,® believed that they h»d 
convinced themselves that no acid gastric juice was any longer secreted 
after the interruption of continuity of the pneumogastric nerves in the 
neck, and that there was no longer any true digestion of the albuminates 
in the stomach (whilst the digestion in the small intestine continued its 
undisturbed course after such operations). In order more clearly to de- 
monstrate this circumstance. Bidder and Schmidt® instituted very careful 
experiments on' four dogs, in which fi^lous openings into the stomach 
had been made ; the result of these experiments was, that the quantity 
and the composition of the gastric juice, which was secreted after the 
bourse of the pneumogastric nerves had been interrupted, was precisely 
the same as in the normal state. In two cases, however, the quantity 
and the acidity of the gastric juice were not jnconsidcrably diiilinishcd, 
but after such an operation as the division of the pneumogastric nerves, 
so many of the vital functions of the animal become involved, that this 
diminution can only be regarded as an indirect efiect of this action, more 
especially as in both the other cases a more abundant and more acid 
gastric juice was secreted than is oven commonly observed in^ the normal 
state. Independently of the fact that the proportion and character of 
the constituents, both organic and inorganic, were entirely the same in 
the gastric juice after division of these nerves as before the operation, 
the above-named observers convinced themselves that such gastric juice, 
both within and external to the stomach, possesses precisely the same 
digestive powers as the ordinary secretion. Are we, then, justified, from 
these thoroughly exact experiments, nn entirely denying to the pneumo- 
gastric the function of presiding over the secretion of the gastric juice ? 
'We believe not ; for even the movements of the stomach, whose depen- 
dence on the pneumogastric has been quite decisively established, first 
by Weber, and subsequently by Reid, BischofF,’’ and "Volkmann, may 
often be perceived with scarcely any diminished intensity after division 
of the pneumogastrics. A nerve whose fibres form so abundant a net- 
work around the stomach can, howei»er, hardly e»ert no influence either 
on its movements or on its secretiofi, especially when we rcQollect that 
Bidder and Schmidt have found that it is in no way connected with the 
sense of hunger. Yolkmann® has certainly been led, from anatomical 
considerations, to the opposite view, in his experiments on the influence 
of the pneumogastric on the movements of the stomach, and there is this 
much in support of his views, tliat this nerve loses the greater part of its 
cerebro-spinal fibres within the cranium and in the Epper. part of the 
neck, and that its sympathetic fibres increase in proportion to its dis- 
tance below the diaphragm ; kdnee the pneumogastric m the abdomen is 
altogether different from the pneumogastric as it emerges from the 

* Han^b. d. PbysioL Bd. 1, S. 469 [or English Transl. 1889, Tol. 1, p. 69^]. , 

* Be aotione, qnam norvas vagus in digestionem oiborum exerceat, Diss. inaug. BeroL 

1886. * Revue m4d. F4br. p. 169-180. 

* Compt. rend. T. 18, pp. 788 et 996. 

* Hand^rOrterbuch der Physiologie. Bd. 8, Abt. 1, S. 822-826. * Op. cit pp. 90-97. 

^ Muller’s Arch. 1888, S. 496. * Handworterbuch der Physiologie. Bd. 2, S. 584. 
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cranial cavity ; the pneumogastric nerve in the abdomen contains fibres 
which cannot be irritated from its cervical portion, and whose action on 
the movements of the stomach cannot therefore be interrupted by divid- 
it^g the nerve in the neck. In reference to this point, the same remarks 
arc equally applicable to the movements of the stomach and the secre- 
tion of the gastric juice. It is, however, clear that further experiments, 
of an extremely difficult character, arc requisite in order to decide the 
question oa what nerve or group of nerves the secretion of the gastric 
juice directly depends. We must hope that the ingenuity of Ludwig may 
as brilliantly overcome these difficulties as those which were presented 
to him in the investigation of the%alivary secretion. 

Having considered the process of digestion in its most diversified con- 
ditions, and noticed the relations between the objects to be digested, the 
digestive agents, and resorption, it only remains for us to make some 
observations in reference to the digestibility of those objects which, in 
referenOo to the nutrition and regeneration of the animal body, have been 
named “ compound,” in contrast with the above-mentioned simple nutrient 
matters. There was a time when, notwithstanding the little that was 
known of the process of digestion, the .digestibility of different more or 
less compound nutrient matters was a favorite subject for writers to 
expatiate ryion. We shall see, however, that the fur^er we advance in 
science, the more do we become distrustful of our own experience, and 
thq more modest will be our pretensions. Whilst in former times the 
most decisive hypotheses or conjectures were unhesitatingly adopted in 
the absence of all direct observations, and jnerely on the strength of cer- 
tain traditions, which, without having been tested, were derived in part 
from antiquity, the edicts of the schools of the middle ages, or even from 
the mere biassed notions of the people ; we at the present day scarcely 
venture to give a decisive reply to the simplest and most ordinary ques- 
tions regarding the digestibility of any nutrient substances, although we* 
may be far removed from that forced scepticism which has in part be- 
come the fashion in medicine. Yet what, properly speaking, do we under- 
stand by the digestibility of a nutrient substance ? The simplest mode 
of comprehending this idea will be to understand by the expression the 
facility with which the nutrient fiuids are able to prepare the substance 
for resorption, or the shortness of ‘the time in which the substance in 
question uSider^oes resorption, that is to say, the time at which it disap- 
pears from the intestinal tract. Yet how did inquirers formerly endeavor 
to decide the readiness and rapidity of the metamorphosis of nutrient 
matters ? The determination of this question was mostly limited to this, 
— that the digestibility of compound nutrient matters was estimated by 
the subjectiyq^ feelings which patients or convalescents experienced after 
having partaken of them. £ven if we do not t^ke into account the in- 
numerable deceptions which must necestiurdy be liable to occur, either 
on the part of the subject of the experiment or of the person watching 
the result, an organism which is not in a statb of health, and in which all 
the .functions are not performed in a regular manner, cannot assuredly 
afford a measure of the greater or loss digestibility of a substance ; for 
the power of a patient to bear one or other article of food must depend 
upon the nature of his malady. Thus, for instaffoe, it is d priori obvious 
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that one patient will find no difiBculty in bearing certain kinds of food, 
which may induce indisposition in another individual ; and every physi- 
cian who has made it a point at the bedside to attend to the effects of 
different nutrient substances, as well as to observe the actions of medi- 
cines, must be fatniliar with innumerable instances of this kind. Experi- 
ments of this nature are, moreover, not practicable in the case of healthy 
persons, since they are not conscious from any sensations within them- 
selves whether digestion is proceeding with slowness or rapidity. It is 
only in recent times, since we have begun to experimentalize scientifically, 
that attempts have been made to collect any definite positive facts, with 
the view of establishing the different cfigestibility of even the most ordi- 
nary articles of diet. Of this class of experiments, those of Gosse are 
the best known ; he possessed, as is occasionally the case, the faculty of 
swallowing air, and of thus distending the stomach to such an extent as 
to induce vomiting ; and he employed this peculiar power in order to 
bring up food which had remained for different lengths of time in his 
stomach. Spallanzani* introduced perforated tubes or linen bags filled 
with different varieties of food, through the oesophagus into the stomachs 
of cats, and observed in this way the time that elapsed before the various 
articles of food disappeared from the above-named receptacles. Beau- 
mont® instituted a "'very extensive Series of experiments, regarding the 
digestibility of different kinds of food", on a man (Alexis St. Martin), in 
whom there was a very considerable persistent opening from without into 
the stomach, in consequence of a gun-shot wound. Although Beaumont’s 
investigations have led to many brilliant results in relation to gastric 
digestion generally, and have much facilitated the path for further in- 
quiries, they do not yield many certain results regarding the question 
we are now considering. In the first* place, all these experiments have 
reference solely to the time during which the food remains in the stomach, 
"although we know that vegetable matters undergo their principal changes 
in the small intestine, and that a great part even of animal food leaves 
the stomach in an undigested state, and is only thoroughly digested by 
the intestipal mucus. These experiments would, however, have been of 
higher scientific interest, if only*the time during which the food remained 
undigested could have been accurately determined^ Beaumont has, how- 
ever, generally (and Gosse always) regarded the gastric digestion as 
ended whence food in the stomach had been converted into a uniform 
pulp {chyme). But even this very uncertain determination would have 
its own peculiar value, if the experiments both of Gosse and Beaumont were 
not wanting in two essential points. They used very complicated, vari- 
ously prepared, and for the most part half vegetable and half animal food, 
in their experiments (thus, for instance, Beaumont gen^alW'gave bread 
and vegetables with meat); and it is at once obvious tha^suen n method is 
totally unfit for determining the' digestibility of individual articles of diet ; 
since Beaumont neither employed chemical means nor the microscope for 
the minute investigation of the matters that were presumed to be digested, 
he was naturally unable to decide which constituents of the food were 

' Versnehe uber. d. Verdauuogggeschiift Leipz. 1786. 

” Experiments and observations on the Gastric Juice and the Physiology of Digea- 
tiou. Boston, 1834. 
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dissolved, which Avore partially digested, and which were altogether un- 
affected. Independently of certain other circumstances which should be 
taken into consideration, it is obvious that only a moderately satisfactory 
conclusion could have been drawn from Beaumont’s experiments if he 
had employed the simpler articles of food, as albuminates, flesh, meal, 
bread, &c. His conclusions, even in that case, would less have had re- 
ference to the digestibility of individual substances, than to the time in 
which they are retained in the stomach. The retention of the food in the 
stomach is, however, extraordinarily different even for one and the same 
substance, as for instance, flesh, without our often being able to discover 
the cause of the difference ; this being a point which daily observations 
on dogs with gastric fistulae have placed beyond a doubt. It very much 
seems to depend on the quantity of the food taken at once; if, for in- 
stance, we allow a dog to swallow a large quantity of flesh, fragments 
may be still found in its stomach after six, eight, and even ten hours, 
while srualler quantities often disappear after less than two hours. And 
a further reason why the results of Beaumont’s observations cannot 
be specially applied to physiology or even to dietetics, depends upon the 
circumstance that he has either not at all or very inaccurately described 
the quantity of the food that was taken ; and upon this circumstance 
may partly, depend the great diffeiiBnces whicTi are often observed in his 
observations, Avhen made under apparently similar conditions. 

3?here are still to be mentioned the experiments instituted by C. G. 
Schultz,* who at a certain time after feeding dogs and cats with different 
kinds of food, killed them and examined the contents of their stomachs. 
These attempts, from the method by which they wore carried out would 
deserve great confidence if their results did not difl’er in so remarkable 
a manner from those obtained by Beaumont and others, that we are 
almost compelled to presume that there must have been some essential 
errors in them. The same is the case with thp observations which Lal- 
Icmand instituted on men with gastric fistulse. Blondlot, who first intro- 
duced into physiology the operation of artificial gastric fistula, was so far 
from being able to attain to definite results, notwithstanding thatrhis 
observations wore made under far more favorable conditions, that he was 
led to express the view that the digestibility of different articles of diet 
depended solely on the state of the stomach at the time of the experi- 
ment, and that it is pure waste of time to labor at the detdl'n^ation of 
the digestibility of individual articles of food. 

These few instances are suflScient to indicate, that moderately accurate 
determinations of the digestibility of varieties of animal food aretinvolved 
in extraordinary difliculties even in relation to gastric digestion alone. 
At the presie|tt time we possess few experiments which can afford a fixed 
point of depasture for the determination of the digestibility of different 
kinds of foecU£- 

My personal 'ex^riments, which have reference partly to dogs, in 
which gastric fistulae had been formed, and partly to animals that were 
kifUd (generally with a view to other investigations) at definite times 
aftec taking food, are limited to the following facts, which increase rather 
than dimimsh the uncertainty of our knowledge. 

1 De alimentorum oonoootione experlmenta ndra. Berot. 1834. 

* Traits de la Digestion, p. 383-409. 
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As in the first place we shall only consider the retention of food in the 
stomach, we shall commence with the digestibility of the albuminous sub- 
stances. 

With regard to soluble coagulable albumen, it has been already men- 
tioned (see vol. i. p. 450) that, according to my experience, this substance 
undergoes a change in the stomach, and is not resorbed unchanged, as 
Frerichs maintains. Blondlot saw the white of 4 eggs entirely disappear 
from the stomach in the course of hours. We can here very dis- 
tinctly observe the influence which the quantity exerts on the relative 
digestibility of the food ; if we introduce the white of one egg into the 
stomach of a dog with a gastric fistula, but otherwise healthy, after it has 
fasted for about 12 hours, we often find in the course of an hour no re- 
maining trace of cosgulable matter ; but we are more certain to find such 
traces when the whit© of two eggs has been taken. If the white of eight 
or more eggs was given to the same dog, which was one of average size, 
weighing about* 5 kilogrammes [or 11 Ibs.]^ coagulable mattdl's could 
always be recognized in the stomach after 3 or even after 4 hours, except 
in cases in which the dog hadf omited a portion of the substance. 

Densely coagulated blood-fibrjn requires a longer period for gastric 
solution than the same substance in a finely comminuted state ; a fasting 
dog sw'>llowed 9*4 grammes of the^nmist fibrinous crust (bufiy coat) ob- 
tained froui coagulated horses’ blood,* and after 2J hours fragments of it 
were still contained in the stomach ; the same quantity of blood-fihrin 
obtained from the red coagulum of horses’ blood disappeared, with the 
exception of a few flakes, from the stomach of the dog in the course oflj 
hours. It might have been expected from the simplest chemical experi- 
ments, that the degree of cohesion would essentially influence the more or 
less easy digestion of a substance, and this view is thoroughly borne out 
by further direct investigations. Fluid, finely divided, porous foods are 
much more open to the action of the digestive juices, and must necessa- 
rily be more readily digestible, than others which do not possess these 
properties in an equal degree. 

order to determine the digestibility of coagulated albumen, we 
have recently so far modified the experiments of Spallanzani, who intro- 
duced the food enclosed in muslin cbags through the gullet into the 
stomach, as t(^ introduce into the i^tomachs of dogs, through fistulous 
openings^ portions of coagulated white of egg, of definite form and defi- 
nite wei^t, enclosed in similar muslin bags. This method of procedure, 
which has been adopted by Bidder and Schmidt, as well as by Buch- 
heim,* a^y be very advwDtagedusly employed in various investigations ; 
the sole objection to it is that we can only employ extremely small quan- 
tities of the substance, in question, and that even portions ^of the same 
albumen oft«a require veiy different times for their solutibiM ; this dif- 
ference appears to depend as much on the varying'i^sity of the albu- 
men (which may certainly difihr even in one and the same egg), as on 
the different position which ^ b^ containing the albumen may hap- 
pen, to assume in the stomach. In !&ichheim’s experiments, vHhich were 
made with cylindrical pieces of ^bumen weighing 1 gramme (the stomach 
having been filled threo or fi>or hours previously with bread and curdled 

* Bdtr&ce sar Armeimittellelne. Leipsig, 1849, &. 16-112. 
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milk), it was found that in 1 hour sometimes more than 59 g, and in 2 
hours even 93g of the originally introduced moist coagulum of albumen 
were dissolved, although the amount was frequently far smaller. Here 
again W(| must give the widest scope to the idea of digestibility ; in 1 
hour half of the compact mass of coagulated albumen, which presented 
comparatively little surface, was dissolved, while the gastric digestion 
previously took from 3 to 4 hours. Further experiments show us, that 
far more coagulated albumen is digested in 1 hour in the stomach of a 
dog, when that organ-is empty, or when a long time has elapsed since 
the last meal was taken, than under opposite conditions, — when albumen 
in small portions, or finely comminuted, is introduced into the stomach, 
than when a cylinder of albumen, of a gramme weight, is introduced, — 
when a freer motion is permitted to the pieces of albumen than w,as pos- 
sible when. they were enclosed in bags, — and lastly, when the experiment 
is instituted on a perfectly healthy dog, than when made on dogs with 
fistulous ‘openings. Hence we may foresee that large pieces of coagu- 
lated albumen and long boiled or more or less dried albumen, must 
require a comparatively long time for their solution, especially when the 
stomach has been very much filled with food, and digestion has been 
going on for some time. Hence, independently ,of many other relations 
connected '^ith special idiosyncrasies, it is extremely diflicult, if not 
impossible, to find any definite unit of conditions, acqording to which a 
scale of the relative digestibility of different articles of food might be 
made out. And even if all the conditions were similar, a doubt would 
always remain as to the precise moment at which gastric digestion might 
be said to terminate. There can be no definite rule regarding the begin- 
ning of digestion, for the solvent process oommences as soon as the 
gastric juice comes in contact with thd object to be digested: if, for 
instanee, we allow albumen which has been previously carefully rinsed 
with acetic acid to remain only five minutes in the stomach, a careful 
weighing will generally (although not always) indicate a loss, which in 
this case can only depend on actually digested albumen ; a portion is, 
therefore, digested in the course of five minutes, or, at all events, a qq9.r- 
ter of an hour, which shows that albumen obviously may be digested in 
so short a time. Wo* find, howovef, that when coagulated albumen is 
introduced in considerable quantity ‘into the stomach, remains of it may 
sometimes be detected in that organ, even after five hoiurs ; as we can- 
not regard the commencement of the process as afTording a measure of 
the digestibility, the terminations may probably serve this purpose. But 
oven the end cannot be always accurately determined ; for while one part 
of the albuminous body commonly leaves the sfomach in an undigested 
state, another j Often remains for a long time in the stomach, in conse- 
quence of ^t^SMljigesting force of that organ becoming gradually weak- 
ened, and Its glkhds secreting less juice af$0r it..^ae been for. some time 
in a state of functional activity — a circumstance which more than any 
other, is dependent on the individual const^tion. Jn many animals, 
hoi^ver, the stomach is never altogether empty, as fo^ instance, in the 
rat^. Even when these animals perish from hunger, the remains of 
their last meal may still be found in thel'stomach. Although this is not 
the case with the carnivora and omnivora, it shpips that the termination 
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of gastric digestion and the emptying of the stomach cannot furnish any 
appropriate standard for the determination of the digestibility of a sub- 
stance. It might perhaps appear superfluous to devote so much space to 
the consideration of a subject which is so simple of comprehension, but 
we must bear in mind these relations and the general vagueness of the 
idea in question, before we can even attempt to construct any scale of 
the digestibility of the simple and compound articles of food, which could 
be of use for purely practical purposes. C. Schmidt has never found all 
the albumen dissolved in the stomach, and after it had remained for six 
hours enclosed in muslin bags, he constantly found that half of it was 
still undissolved ; similarly small quantities of albumen, when introduced 
into an empty stomach without being enclosed, never remained as long as 
six hours in that organ, but passed for the most part in an unchanged 
state into the intestine. Beaumont assumes from his observations, that 
the average period of digestion for hard-boiled eggs is about hours. 

Frerichs has already shown by experimqpts on living animals, that 
boiled fibrin is dissolved in the stomach far more slowly than the 
unboiled material; we arrive at the same result when both kindrf of fibrin 
are treated externally to the q^ganism wdth natural or artificial gastric 
juice. 

It is a well-knewn fact, to which we have already frequently referred, 
that soluble casein^ as it exists in milk, is very rapidly coagulated by the 
gastric juice, and then only very gradually redissolved or digested ; casein 
must,' therefore, be the most indigestible of the unboiled protein-sub- 
stances ; a difference is, however, even here observable, according to the 
more porous or dense condition of the coagulum, for, as we have already 
remarked at vol. i. p. 451, the ,, more golatinously coagulating casein of 
women’s milk is, according tdi,' Elshsser, much more rapidly digested 
than that of cow’s milk, which forms in the stomach a compact lump, 

f enerally coagulated into a single ball. Frerichs found that clots of casein 
isappeared from the stomachs of cats and dogs in about hours. 
Beaumont, according to his observations, fixes a period of 2 hours for 
th« digestion of milk. Gosse classes milk kmongst the most easily di- 
gested articles of food, which include, according to him, substances which 
are converted into chyme within 1 hour or IJ hours. 

Q-elatin belongs to those substances which are the most readily lique- 
fied in the stomach ; in Beaumont’s experiments all the gelatinous cha- 
racter of this substance disappeared after it had remained for 20 minutes 
in the stomach ; -at the close of an hour ne* trace could be found in the 
stomach of 150 grammes ef jelly which had been taken. The digesti- 
bility of the gelaiigenoui tiesues depends, however, entirely upon their 
aggregate condition, and 4s very considerably facilitafbd.'..b^ their being 
previously boiled. Frerichs saw the connective and fat^ t^ues (when 
enclosed in a thin muslin bag) perfectly dissolved in^tfm stomach of a 
dog in 60 or 90 minutes after its introduction. It is obvious that ten- 
dons and cartilage, and tiiose tissues generally which are abundantly 
intersected with elastic fibres, belong to the least easily digested class of 
substances, for we often 4Snd these parts only slightly altered, even in 
the excrements of the carnivora. True elastic tissue and elastic fibres 
completely resist the llction of the digestive fluids. 
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Chemically pure tyntcmin appears, from several experiments which I 
have made, to be very readily digested, its digestibility being in fact 
greater than that of the blood-fibrin of the ox ; when in a state of coagu- 
lation, it is tolerably similar in this respect to coagulated albumen and 
casein. Although this substance is perfectly identical in every kind of 
fiesh, and also in the smooth muscles (see page 226), experience teaches 
us that the digestibility of the smooth and of the transversely striated 
muscles, and even of the latter in different animals, is extremely dif- 
ferent. When we consider the histological conformation of these two 
kinds of muscle, we can readily comprehend why the flesh of organs 
which consist of smooth muscles is far more easily digested than the 
transversely striated muscles ; we know that the smooth muscles are not 
provided with the same dense and insoluble, although thin investment 
(see page 239) which encloses the primitive bundles (and consequently the 
syntonin) of the transversely striated muscle, but are for the most part 
surrounded only with loose .connective tissue, which is easily permeated 
and dissolved by the digestive juices. Hence it was that Beaumont 
found that tripe disappears with such rapidity (in an hour) from the 
stomach, and that oystevs disappear at all events more quickly than beef 
and other kinds of meat. The difference in the digestibility of the flesh 
of different animals is probably for the most part dependent upon mecha- 
nical conditions, which are modified by the histological arrangement of 
the different elementary tissues. Thus the flesh of young animals is more 
easily digested than that of older animals, for (as we haVe seen at- page 
242) the primitive bundles of the former are far thinner idian those of the 
latter, and on this account they present, in relation to their mass, a 
larger surface to the gastric juice than a similar piece of meat of equal 
size, taken from an older animal. 'Frei^chs found that the flesh of old 
animals required (for its digestion) an hour or an hour and a half longer 
than that of younger animals. Fish is probably not easily digested (by 
persons whose digestive powers ^are not strong), since when introduced 
into the stomach in a state of fine comminution, and in contact with 
fluids, it forms an almost homogeneous mass, which can only be slowly 
acted upon by the digestive fluids from* the surface inwards. This is 
indeed, as Frerichs haS' shown, more or less the case with every kind of 
flesh which' is gradually acted upon from the surface^ for it is not till the 
connective tissue h^s been dissolved that the gastric juice is able to act, 
through the opening made in it, upon the sarcplemma and primitive 
bundles (see vol. i. p. 320). On this account,,; tnMrm^le does not actually 
belong to the .class of easily digested substaiitk!^. , Frerichs fbu^ the 
stomach of a cat, four hours after feeding, j^ebes of raw beef which 
were only on the surfaces. When pp^ons of flesh, ^closed 

in a fine ^g, were introduced through}^ fistulous opening into 

the stomach of a 'dog,'* they did not thoroug}!^;iP^ppear until after sa 
interval of frotci five to eight hours. . 

Xt has generally been regard^ as an estahliahed fact that raw fl^h 
is fftneh more difficult of digestion than boiled or roast imeat ; |be::^- 
ferm^ is not, however, very considerable, and it has been, estimated by 
Frerichs at only half an hour. Nor need we 'iqpder at this, fmr the aa- 
vantage derived from the boiling or roasting,^ whi<% the connective 
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tissue is loosened and the organic structure is partly destroyed, is in 
part counteracted by the albumen of the muscular juice as well as the 
syntonin being reduced to a state of coagulation. The above-nfbntioned 
jelly-like swelling up of the syntonin in acid fluids may, perhaps, in a 
great measure, contribute towards the difficult digestibility of raw meat. 

We have formerly had occasion to observe, that after an animal diet, 
muscular flbres, although in various phases of metamorphosis, may be 
distinctly recognized along the whole course of the intestinal canal ; 
hence we see that the digestion of flesh is by no means completely 
effected in the stomach, and that its most important histological element, 
the true muscular fibre, in association with the sarcolemma, resists for 
the longest period the action of the digestive fluids ; indeed, during an 
abundant flesh diet, we find a large number of muscular fibres, morpho- 
logically unchanged, in the excrements. Hence in the case of flesh we 
can form no conclusion regarding its digestibility from the duration of 
its retention in the digestive organs. Whem dogs are fed solely with 
flesh, we find that after 6 or 8 hours the greatest part has usually disap- 
peared, although small portions often remain in the stomach for 10 or 
12, or even 16 or 20 hours. ‘In their observations on a dog with a 
fistulous opening at about the middle of the small intestine. Bidder and 
Schmidt found that moat substaneps escaped in 6 or 6 flours after a 
meal ; and very sfmilar results were observed in a man who was a patient 
in our hospital, ^hd in whom there ^as an intestinal fistula at the en*d of 
the ileum. We may therefore assume that in the normal state the 
stomach is not engaged in the digestion of flesh for a much longer period 
than four or five hours ; and this view coincides tolerably closely with 
the experiments made by Beamnont. Thus, for instance, he found that 
boiled lamb disappeared from The stomach after hours, boiled beef 
after 2f hours, roast beef after 3 hours, and broiled beef after 4 hours ; 
on the other hand, roast pork did not disappear from the stomach for 6^^ 
hours, while broiled pork disappeared after 3J hours. If we are able, 
in some cases, to adduce scientific explanations for certain practical 
dietetic rules which accord tolerably well with Beaumont’s observations, 
the far more considerable di^erences which present themselves in all 
results of this kind seem to invalids^ such concliibions ; henc^ we do not 
venture to enter minutely into the influence which the different modes 
of preparing the food, and the different species of animals, exert on the 
digestibility of the .flesh. We must, however, not altogether omit to • 
mention (what has so ofteh.l)0en prominently brought forward) that flesh 
which has been kept lyih^in vinegar is rendered more digestible, since, 
as every microBcopist knows, the connective tissue wd ^usculor fibre 
are thus rendered of looser texture ; and that smokea generally 

far more difficult of dig^tipn than unsmoked, sin^e tl|^ picklb in widen 
the meat was placed prepia^ory to the smoking not only extracts from 
the flesh a fluid containbi!l^! Certain easily digestible substances, bht also 
renders the fibres themselves harder and more insoluble. 

With regard to the fats, it is tolerably well agreed that they rank 
amongst the mo^t indigestible matters ; physicians have, indeed, always 
exhibited 'an extraorduUuy aversion to permit the nse of fatty food to 
anv of their nadfents,'' slough i^ey see that many fats, as, for instance. 
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the fashionable, but generally rancid, cod-liver oil, is very easily di- 
gested. It may readily be conceived from its physical characters, as, 
for instance, its insolubility in water, and the resistance which it offeiu 
to the most powerful reagents, that fat, as compared with the other 
simple nutrient substances, is only slowly absorbed ; indeed, even to the 
most recent times, it has been diflScult to form an idea of the mode in 
which fat undergoes resorption. It is sufficiently clear, from what has 
been previously stated, that the stomach is not the place where the fat 
is resorbed, or even where it undergoes any essential changes ; but when 
it is taken in large quantity, either alone or with other food, it usually 
remains for a long time in the stomach ; thus Beaumont found beef-suet 
in St. Martin’s stomach after hours. It is not only not digested in 
the stomach, but often exerts an impeding action on the digestion of 
other substances in that organ, since, on the one hand, it liquefies in 
consequence of the high temperature, and, encasing as it were the indi- 
vidual particles of food, renders them proof against the digestive juices ; 
and since, on the other, it becomes rancid during its long retention at 
that temperature, and forms volatile acids, which exert a very deleteri- 
ous, although not duly investigated, action on digestion. It must, 
therefore, be admitted that large quantities of fat are prejudicial to 
gastric digestion, although, strictly speaking, there is rib digestion of fat 
in the stomach. The digestion of fat does not commence, as we have 
already seen, until it reaches the sihall intestine, and e^n there it only 
takes place under certain limitations. We have seen from the accordant 
experiments of Boussingault on the one hand, and Bidder and Schmidt 
on the other, that the animal organism can only take up a limited 
quantity of fat in a given time ; after animals were fed upon very fat 
flesh, we find that there were ejected from the fistulous opening in the 
intestine (in Bidder and Schmidt’s experiments) gray masses which con- 


tained an abundance of fat, while only very slight remains of muscular 
fibres could be detected in them. Hence we can no more draw any 
inference from the retention of the fat in the stomach regarding the 
degree of its digestibility than from its passage into the small intestine 
and the solid excrements. Small quantities of fat meet with the means 
r digestion in the ^mall intestine, and are ithere very 
If we can draw any conclusion from the distension of 
the intestinal villf’with fat, and the appearance of white chyle in their 
lacteals, we must regard the fat as very easy, of digestion ; for in the 
course of from half an hour to an hour aftei; &tty food or oil has been 
taken, we firid in the upper part of the j^tmum in dogs, cats, and 
rabbits (as 1 yery often convinced myself), not merely the epithelium 
filled wit^fav^l^Wes, but also the laoteals witb[ glistening white cliyle. 
We hav4-h|^ever, formerly shown (see vok 1." ^. 286) that fat, when 
not mixed iCi too large quantity with the essentially promotes the 
di^stion both of the albuminous and the amy^ac^wus substances. 

wt has ’been already fully shown that most vegetable substanoes, like 
thewfats, do not imdei^o gastric digestion ; we cannot, therefore^ judge 
regaining their digestibility from their longer or shorter retention in the 
stomach, in the same manner as in the case albuminous matters. 

We have already expressed an opinion, founde^ri our own experiments. 


requisite fyr thei 
ranidlv resorbed. 
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and differing from that of Bidder and Schmidt, that starch, the principal 
nutrient matter contained in vegetables, is in part converted in the 
stomach into sugar, and even into lactic acid ; this metamorphosis of 
starch within the stomach is, however, so far as we can conclude from 
our former experiments, solely dependent upon the quantity of the 
saliva that is excreted ; the greatest part of the starch is first metamor- 
phosed in the intestine. We have already sufficiently alluded to the fact 
that the conversion of this substance in tHe intestine takes place most 
rapidly when it is finely comminuted and thoroughly saturated with 
water (in short, when it is boiled). If w^ confine ourselves solely to the 
question of the digestibility of starch, we should regard it as in general 
easy of digestion, although we very frequently meet with considerable 
quantities of it passing through the rectum of man and animals. This 
last-named fact is dependent partly on the circumstance of an excessive 
quantity of raw (unboiled) starch having been taken (for t^e saliva, 
pancreatic fluid, and intestinal juice are notasecreted in such quantities, 
and with such powers, as to metamorphose any amount of starch), and 
partly upon the fact that the starch is enclosed in vegetable cells, 
through which the digestive fluid can only enter Tjy endosmosis. Hence 
the digestibility of vegetables depends chiefly on the nature of the cells 
in which the staith and the vegetable protein-bodies arc enclosed ; if the 
cells are still invested with epidermis, no portion of them is dissolved, 
since the epid^ipiis of plants is completely proof against the digestive 
fluids. Boiling is so far useful i?j regard to vegetable food, that it 
thoroughly loosens the intercellular substance of the parenchymatous 
cells, and hence allows the digestive juices to make their way more 
readily between the cells ; moreover, the process of boiling causes the 
outermost layer surrounding the starch-granules to burst, and it is this 
layer which is the main impediment, in the case of • raw starch, to the 
action of the digestive fluids. Since the protein-bodies occurring in 
plants exist in a state of the finest comminution, they offer far less op- 
position to the action of the digestive juices (when the latter once come 
iif contact with them) than the corresponding animal protein-bodies. 
Hence, moreover, it is easy to* see why bread is comparatively so easy 
of digestion. We must, however, a^ain recur to the fact that in the case 
of vegetables we are even far less able to draw any conclusion regarding 
their digestibility, from their longer or shorter retention in the stomach, 
than in the case of animal food. The most important part of the diges- 
tion of vegetables assuredly, takes place in the small intestine, and, to a 
certain degree, also in tlfe large intestine ; for even if, in accordance 
with the obaervations of Bidder and Schmidt, we regard, the secretion 
of the intestinal juice in the latter as incoBsiderable,^h^'nQnnou8 size 
of the csecum in most of the herMvorous animals in^oaliMt tl^t a very 
essential act in the ^K>c^*hf digestion must talce placw'in- this region. 
The chief difficulty in tfbnneetion with the digestion of vegetables, there- 
fore, does not lie in the stomach, and hence their retention in that organ 
cannot be strictly considered as a measure of their digestibility ; and yet 
vegetables remain on ah average longer in the stomach than animal 
food. Even after £sei4|hg an animal with bread, we may find the 
greater part of* it ia ^he stomach after a lapse of 3 hours, and the 



424 


DIQESTIOX. 


quantity hardly perceptibly diminished till after 4 hours (Frerichs), and 
remains of bread are commonly found in the stomachs of dogs after 5 or 
6 hours, and often even after 8 or 10 hours : potatoes and other vegeta- 
bles remain in this organ for a far longer time ; Frerichs, as vrell as 
Bidder and Schmidt, have frequently found the remains of vegetable 
substances in the stomachs of dogs after the lapse of 22 hours ; and we 
have already mentioned that the stomach in many herbivorous animals 
is never completely empty, ilf we have |;hu3 established the point that 
the disappearance of an article of food from the stomach affords no 
proof of its digestibility, the nftxt question that suggests itself is in rela- 
tion to the conditions under which the stomach either retains or impels 
into the small intestine the more or less digested matters — a question to 
which, in the present state of our knowledge, we can give no satisfactory 
answer. This is one of the least important of the many problems whose 
solution must be left to future investigators, notwithstanding the admi- 
rable and comprehensive labors of Frerichs and of Bidder and Schmidt. 
We are, however, here forcibly reminded of the fact, that notwithstand- 
ing the brilliant triumphs of science in this direction, we have as yet 
only gained the outworks from which further advances must be made. 

As we have limited ourselves in the former pages almost exclusively to 
the consideration of the principles which, in accordance with the present 
condition of science, ought to guide us in our judgmOnt of the digesti- 
bility of the different articles of food, some of our rea^rs may miss the 
important aids and special indications they may here have hoped to dis- 
cover in relation to medical practice ; for many physicians seem to enter- 
tain the idea that physiological chemistry must be able to decide all 
questions of a practical character, and accurately to determine the diges- 
tibility of every article of food, or at all events to furnish sharply-defined 
rules for its estimation ; and some have even gone so far as to expect 
that this branch of our science should serve in every respect as a guide 
for a system of dietetics. But e'fen if our physiological premises were 
sufficient for this purpose, and if our positive facts were less deficient 
than they are, wo should consider a text-book of physiological chemistrry 
as an inappropriate place for a comprehensive exposition of the rela- 
tions involved in this department of ^science : purely scientific inquiry is 
bounded by definite limits 1 the application to practical life of tlm facts 
discovered by science must be left to the kindred but less strictly scien- 
tific branches of knowledge ; all that is required for' practical application 
must be supplied b^ the methods pe<jaliar to th^ so-called practical 
scimices. Thus, for instance, there exists a l^ge amount of material in 
reference to.,^;^ digestibility of the different nutrient matters, which 
appertains ext^he^ely to a medical inquiry. For we do not concur with 
those who defitonnpe as unfounded every ^sct iphich has not •been obtamed 
by the exebt; methods' of physical toiepce^4tj|diL;0diib consequently often 
arbitrarily cast aside many striking hypothesttfjerhich may be afl^HUioed 
b^^physioians in reference to dietetic conditions ; far from partiolpatlBg 
in ^ch views, we do justice to the fruits which practicid experience' is 
able furnish, and we are fully aware that a physician may do a great 
deal by the bedside towards the introduction of p0|rect dietetics, without 
our being able to refer his mode of practice to ounds. Thus, 
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for instance, we know that a number of substanees, which present consi- 
derable analogy to one another in a physical and chemical point of view, 
exhibit great differences in reference to their digestibility under certain 
morbid conditions ; there are a number of still more mysterious pheno- 
mena known to every attentive physician, which, although they owe their 
recognition to no exact scientific methodic are yet as firmly established 
as if they were mathematical propositions, xet the solution of these 
mysteries — the formation of comprehensive*scales for the calculation of 
the digestibility of different articles of food in accordance with their 
chemical nature or preparation — and the determination of the causes by 
which a substance which is in itself easy of digestion may become less 
digestible under different external or internal relations (for the simple 
digestibility of a substance must be distinguished from the facility with 
which a patient is able to digest it) — these are all questions which it 
behoves the physician to determine, and which do not fall within the 
province of physiological chemistry. The latter science merely nirnishcs 
the physician with the fixed principles or scientific means necessary for 
enabling him to arrive at a more exact knowledge of carefully observed 
practical facts on which to base a system of dietettes. Until the appear- 
ance of Moleschott’s admirable work,* most of the treatises on dietetics 
consisted merely bf individual ph;^siological facts carelessly connected 
with more or less %’ell-grounded propositions ; and while they were de- 
ficient in a log^|ially strict treatment of these different propositicais, 
they did not even give those minute observations with which many of 
the older practitioners had enriched the theory of dietetics ; not unfre- 
quently, indeed, we, meet with an entire confounding of the ideas of di- 
gestibility, nutritive power, and the facility with which different articles 
of food can be borne. Such a propef elaboration, of dietetics does not, 
however, fall within the province of physiology, but belongs exclusively 
to the practical physician. 

We cannot avoid offering a few remarks on certain misconceptions 
which we occasionally meet with in reference to the value of physiolo- 
gicftl chemistry, in relation to Pathology and Therapeutics. Although 
we have endeavored throughout* the present work to draw attention to 
the deficiency of our knowledge, to i;6fer all views%nd assertions to their 
true foundation, and to check as far as possible the haste with which 
individual observations or discoveries have been applied to practice, we 
have been anxious to avoid those hasty and uncharitable judgments 
which we meet with from ^ime tt^time both in literature and in medical 
practice. Phymologicab Okemistry has recently done more in destroying 
former illusions, than itt famishing physicians with new materials for 
further hypotheses. We may/, indeed, instance maffy |iii|coveries in 
Physiologictd Chemistry wineh j^i^e exerted a direct iij^hiiee on medi- 
cal praotaoe, but the giiifttei^ IWmber of deficiencies which etill exist in 
this lies^t, hold out ample return to future laborers. It 

is not tim province of Physiol^cal Chemistry, as, a special department 
of science and a branch of p^-siology, to guide the physician within 
narrow limits by which, he most bound his own reflections and investiga- 

* NabrongainitteL Damstedt, 1850. 
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tions, and regulate his practice ; for our science presents too many defi- 
ciencies within its own domain to enter upon a foreign province, whose 
possession has already caused strife and jealousy. Physiological Che- 
mistry no more constitutes a science of therapeutics and diagnostics, than 
pure physiology can be said to constitute the science of pathology. 
Technical Chemistry does not undertake to show what mordant will 
affect a certain organic tissue, or how the fire of a furnace can be kin- 
dled ; the noblest discoveries in this department have been made, 
not by chemists, but by practical men with the aid of chemistry. A 
similar relation exists between physiological chemistry and the physi- 
cian ; the latter must not remain inactively waiting until physiological 
chemistry is ready to supply him with a diagnostic agent for every 
disease which is accessible to its investigation. It is the duty of the 
practitioner to apply every fresh conquest in the field of science to 
the beqefit of medical practice, and to endeavor to extract by his own 
researches and labors all 'the practical results to be obtained from the 
treasures of science, instead of requiring that, under the pressure of his 
other avocations, all difficulties should be smoothed from his path, and 
the results of laborious research presented for his acceptance, cleared 
from their obscurity and divested of their difficulties. 


KESPIRATION. 

Although we have already considered the excretions of the animal 
organism, there is one of the most important of them which has not 
yet been noticed, namely, that from the lungs. The reason of this 
omission is obvious, for whilst pulmonary excretion challenges our atten- 
tion as a process, the quality of the products of excretion does not 
demand -any special notice, as they consist mainly of carbonic acid and 
water. The full exposition of this subject has been deferred to the ‘pre- 
sent place, since it leads most securely lo the development of that which 
we have already designated as thd^crowning point of physiological che- 
mistry, to the attainment of which an accurate acquaintance with the 
process of respii^tion is indispensable. For since this process reflects 
alniost all conditions of animal life, including wen those which are not 
directly connected with the vegetative ^rocessj i* not only throws consi- 
derable light on individual subjects connected with the nutritfon and 
maintenance of the animal body, but it also furnishes us with the most 
stable supfiOilte Hbr forming a scientific estimate of the quantitative meta- 
morphosis ^Jt^etter, and of the entirew^imal economy. On this account 
we consid^ it Sis the last link in thdfseiMB jit.vi'hich we have treated of 
the solid and fluid parts of the animal iboc^ i^ its various functions. 

* We should greatly^err, were we to regard the lungs simply a^i organs 
of- excretion, for they differ from other excreting organs, inasmuch as 
they not only excrete gaseous bodies, but alsq mbsorb certain elastic 
fluid substances. An interchange -of gases is.ilhsre^a'^fiected within 
the lungs. Although our notice of the respiratbry' ^ceas must neces- 
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sarily be especially directed to the higher pulmoniferous animals, we 
must boar in mind that that interchange of gases which we term respi- 
ration is by no means solely limited to the organs known as lungs. As 
is well known, there arc many aquatic animals besides fishes which 
breathe through gills, while insects are provided with a system of tubes 
(trachese) which take the place of lungs^ and which, like bloodvessels, 
are distributed through all the tissues on which vital activity depends in 
these non-vascular animals — a circumstance of great importance in con- 
nection with the theory of the respiratory process. 

If the respiratory process depends essentially upon an interchange of 
certain substances within the lungs, an accurate acquaintance with the 
substances whose constituent parts are thus interchanged is indispen- 
sably necessary for the scientific comprehension of this subject. Thus, 
in considering pulmonary respiration, wo must be accurately acquainted, 
on the one hand, with the constitution of the blood, and, on th^ other, 
with the character of the atmosphere, before we can venture to form a 
judgment regarding the interchange which takes place. We do not, 
however, purpose entering more fully into the close consideration of 
these two fundamental bases of the respiratory* process, as wo have 
already, in the first volume, considered the constitution of the blood and 
the amount of gasbs which it contained ; and as we must presume that 
our readers are ecjfially well acquainted with the chemical constitution 
of th# atmosphepp air, and with the physical laws of the motion •of 
elastic fluids. ; 

The causes which present themselves to our notice as essential agents 
in effecting that interchange of gases which takes place in the lungs of 
air-breathing animals may be of three different kinds, anatomico-mecha- 
nical, physico-chemical, and purely physiological, without, however, being 
fundamentally and completely distinct ; for each cause must, from the 
nature of the case, merge into the others. We need scarcely observe 
that the mechanical momenta depend upon the manner and the degree 
in which the bodies acted upon, namely, thq, blood and the atmospheric 
air,%re brought into contact with one another, and by which this inter- 
change is rendered possible and promoted. We abstain from giving 
a systematic exposition of the an^omical relations and the entire 
mechanism of the respiration, since, in the first place, we must presume 
that our readers have some knowledge of anatomy at? well as of pure 
chemistry, and, in the second, that the following remits will snfiice to 
afford some idea of these^ modifications in the quantitative results of the 
re^iratory .process, which'wdepond upon differences in the mechanical 
relations. .j 

In the first place, we ought to observe that no dire<ft oef^jnunioation 
exists between -the fluids whudi '^Bdergo this mutual intqrcbaQ^, for the 
elastic and fluid atmos]^iheM and thd liquid blood, *are separ^d by an 
extremely delicate moistdHieid ipembrane. Although the interchange of 
the gasHs may be somewhat retarded by these membranes, nature has 
compensated for these impediments by giving an extraordinary degree 
of expansion to the surfaces of contact. The extremely delicate distri- 
bution of the btood- air-vessels affords an immense extent of super- 
ficies in a small ej^BXse, and enables the processes to be widely diffused. 
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The flaids, however, do not stagnate at those surfaces (the membranes) 
which establish communication between them, but both are maintained 
by very different physical means in continuous motion and in constant 
interchange ; and hence we have an additional condition which essen- 
tially facilitates this process. The heart, which, as is well known, 
sends forth the vessels of the lesser circulation into the lungs, constantly 
propels new blood through them, and is undoubtedly the most essential 
agent in circulating the blood through these organs ; for even though 
the mechanism of respiration may exert some action on the movement 
of the blood in the lungs, pathologists have gone too far in maintaining, 
as some have done, that respiration is the sole cause of the motion of 
the blood. With regard to the motion of the air, on the other hand, it 
must be observed that the great increase of surface obtained in a cir- 
cumscribed space (by the minute division of the air-vessels) renders its 
interchange with the gases of the blood less easy ; we may compare the 
space diled with air within the thoracic cavity to a cone whoso base is 
extremely large in proportion to its height ; the base being constituted 
by the sum of the surfaces of the pulmooary vesicles, whilst we place 
the apex in the glottis ; the interchange of air is therefore considerably 
impeded from the narrow calibre of the glottis being the only means by 
which air< can enter into and be expelled from this wide, conically 
shaped cavity. The high diffusibility of the gases dertainly contributes 
in some degree to counterbalance 'the effect of this narrow openifig, and 
induces no inconsiderable interchange of air, both within' and externally 
to this space ; but this motion would be quite insufficient for the pur- 
poses of life (excepting in the case of the hibernating animals), and 
hence special provisions exist for the expulsion of the contained air by 
a partial diminution of this cavity' and for the feadmission of new air 
by its re-expansion. The mechanism by which this object is effected 
depends partly upon the peculiar structm^e of the thorax and the posi- 
tion of the muscles which move it, and partly on the peculiar elasticity 
of the pulmonary tissue, l^e should, however, form a very erroneous 
idea of the motion induced by this mechanism, were we to conceive*that 
it was able to agitate the whole of the air contained within the cavity of 
the chest. For even when the Contraction is relatively considerable, 
only a small fraction of the air is expelled, and an equally small pro- 
portion admitted' by ite expansion ; hence it is only in the wider air- 
oanals that the ifir Can be Absolutely changed, .whilst in the narrower 
vessels there is only an undulating current outlie stagnant air-column, 
induced by the contractility of the walls. ISbb change theref^e depends 
solely upon the different degrees of diffusibility of the gases. How- 
ever simp^athid latter circumstanoe may appear, Yierordt has the 
merit of hlmg 'lhe first who expeiinM^tally illustrated these physical 
relations. 

A harefttl consideration of the abbv^ifi^&licined mechanical relations 
shows how extensively this interchange of gases must be modified by slight 
alterations of the external conditions. We mast not, llmrefore, believe 
that>,the difference in the characters of the blood, and of title inspired air 
merely influences the final results of this intmt^duinHc«o£ga8e8^ for it might 
rather be predicated as a physical necessity, that if iffie blood were pro- 
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pellcd more copiously through the lungs, and the air was more frequently 
changed in this conical space (the latter being more considerably dilated 
and contracted), the results of the interchange would be different from 
what they would he in the opposite case. A more careful study of the 
mechanism* of the respiration will not, however, always enable us to 
refer the modifications which it presents to proximate causes, based upon 
chemical and mechanical conditions ; for tjiese conditions are themselves 
often dependent upon so-called physiological relations, whose influence 
upon the character and motion of the blood, the frequency of the respi- 
ration, &:o., have not yet been sufficiently investigated. We are, there- 
fore, compelled, in endeavoring to deduce the laws of this interchange 
of gases, to trace the modifications to which they are liable, to the remote 
as well as the proximate causes from which they emanate. It is clear 
from the above remarks, that the proximate causes of those alterations 
which wo meet with int he quantitative relations of the products of re- 
spiration are solely based upon the prevailing physical and chemical 
conditions ; the more remote causes, those, namely, of a physiological 
character, can only influenc^his interchange of gases inasmuch as thejr 
modify those essentially physical and chemical relations. We cannot, 
therefore, hope to explain the in^uence exerted by any definite physio- 
logical relation on the products of respiration, until we na've mqre clearly 
established its connection with the physical and chemical fundamental 
conditions of respiration. For this rqaeon we shall in our further con- 
siderations of the j^rocess of respiration, at once enter upon the influences 
which purely chemical and physical relations exert on the interchange of 
gases, in order thus to elucidate the influence of the physiological con- 
ations. Many difficulties hero present themselves, one of the chief of 
which is the imperfect knowledge we possess of the constitution of the 
blood in ordinary cases, and the mere conjectural nature of our knowledge 
of the amount of gases which it contains, although, as we have already ob- 
served, this constitutes one of the two main factors of this process, and 
hence we are compelled to enter more fully into these physiological con- 
ditions than we should otherwise have done. ' . 

We must, however, devote a few brief remarks to the general results 
of the chemical investigation of the substances whiph meet ^gether in 
the act of respiration, before we entei^more fully into the causal connep- 
tion of the modifications of the interchange of gases. 

There is scarcely any portion of physiological qhemistrjr which, not- 
withstanding the great di^S^ulides that oppose its investigation, has been 
so circumistantially and ex^Pl^y elucidated as the respiration. It would, 
appear from the works of tne older chemists, as Lavoisier and Segmn,^ 
Humphrey Davy,* Al|en and Pepys,* Humboldt and Pray<^^,* Prout,* 
and others, that attention had nqt,|iitherto been directed#^ subject, 
but when physiologists endeavoic^ io> elucidate the mechaiiism' of respi- 
ration from aU points of the chemistry of the process obtained 

■ M^tautiru de PAsad. da Paris; 

■ BeaeardbAB, cha>tioal.aadpliUo8opliical, .oltiafly ooncerniBg nitrous oxide, er d^Uo- 
l^doat^d air and Ito re^iration.* London, 1800. 

* PhiloBcipldcal Tranaaotions 1808. * Mdm. de la Soe. d’Aroo^ I. 2. 

*11k«im«on*a AbtiSHSM EI$|d*oj^y.' YoL 2, p. 828. 
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some of the attention 'which it merited, and the most exact and admira- 
ble investigations were at once prosecuted by the aid of the most recent 
appliances of science. The beautiful experiments of Magnus (see vol. i. 
p. 570-674) on the amount of gases in the blood, may be said in some 
degree to have constituted the turning point in these inquiries, since it 
is only by the establishment of this factor that we can enter upon a 
satisfactory investigation of jjhe interchange of gases in the lungs. 
Numerous investigations, of which the greater number are very ^mira- 
ble, have been instituted both on man and animals with a view of deter- 
mining the relation between the inspired and expired air. Scharling,* 
Dumas,® Andral and Gavarret,® Valentin and Brunner,^ Vierordt,* Mal- 
colm,* and Hannover^ directed their investigations for the most part to 
the excretion of carbonic acid in man under different physical, physiolo- 
gical, and pathological relations. Many of the difficulties which are in- 
separable from investigations on man, or which influence the accuracy of 
the method of investigation, were happily obviated in the series of exact 
and highly successful investigations of Valentin, Marchand,® Boussin- 
gault,® Letellier,** Ph. Zimmermann,“ von Erlach,“ Lassaigne,’® myself, 
and especially Regnault and Reiset.*'* "VVe are principally indebted to 
the labors of these chemists for the facts relating to the respiratory pro- 
cess, which we now proceed to consider. 

Before we pass to the subject itself, we are led to notice some of tho 
difficulties which attended these inquiries. It is extremely difficult to 
procure the special materials for our investigation (the expired air) in a 
state of purity, in sufficient quantity, and under perfectly normal con- 
ditions. ftenco various methods were adopted to obtain the products of 
expiration, but tho only mode by wliich the expired air could be collected 
pure and unmixed with the products of perspiration, consisted in the di- 
rect application (to the mouth) of an apparatus, by means of which the 
expired air was conveyed to suitable receiving vessels. This was the 
method which was usually employed in experiments on man (Dumas, 
Andral amd Gavarret, Valentin, Vierordt). The advantages of this 
method O'tJer the one we shall presently proceed to notice, consisted not 
merely in the exclusion of the products of perspiration, but also in en- 
abling thef observer, to determine, the influence which certain physical 
conditions of respiration exerted ‘on the numerical relations of its pro- 
ducts. This method is, however, attended with some disadvantages, 
which although sufficiently serious, can hardly be foreseen; thus, for in- 
stance, a person conscious of the nature of the experiment which is being 

> Ann. d. Ch. u. Phnrm. Bd. 46, S. 214. * Sssai de Fhysiologie chim. p. 160. 

* Ann. de Chim. et de Phys. 3 S€r. T. 8, pp. 129-ItK>. 

* Arch. Heilk. Bd. 2, S. 872-417. 

* Ibid. Vol, 8, pp. 626-688, and Phyaiologie dee Athmens. Karlsrnhe, 1845. 

* Monthly Jonra.* of Med. Science. 1848, Ju 1. 

* De quantitate acidi barb, ab homine saob «t Eeijv^toexhalati. Havniee, 1846. 

* Journ. f. pr. Ch, Bd. 88, S. 120, and Bd. JT,^S. 

* Ann. deChim. et de Phye. T. 11, p. 483. 

Compt. rend. T. 20, p. 794-798, and Ann. de Chim. et de Phys. T; 11, p. 433. 

>< Comment, inaug. de respir. nitrog. oxydul. Marburgi, 1844. 

'^,'Vers. iiber Perspiration mit Lungen athmender Thiere. Bern. 1846. 

>• Joum. de Chim. m4d. 3 S4r, T. 2, p. 477, et 761. 

u Compt. rend. T. 16, p. 17, and Ann. de Chim. et de T. 27, .p. 82 ; also 

Beoherchee ohimiquee de la respiration des animaux des itilRaes 'classes. Paris, 1849. 
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instituted, cannot help breathing in so constrained a manner as to alter 
the number and depth of the inspirations, so that the normal relations of 
the ordinarily quiet and unconscious respiration are entirely changed. 
This inconvenience may, however, be completely remedied by lon^ prac- 
tice; and the brilliant results and investigations both of Valentin and 
Vierordt are a sufficient proof that this method does not merit the con- 
demnation which was formerly awarded to it. The objections apper- 
tainiim to it may indeed be almost perfectly obviated by careful atten- 
tion to the construction of the apparatus. 

The second method, which Scharling and Hannover employed on man, 
but which most other observers have used only in the case of animals, 
consisted merely in allowing a current of air constantly to pass through 
the apparatus in which the person or animal was placed, on whom the 
experiment was to be made ; fresh air was thus continuously supplied, 
and the products of expiration carried off into a system of vessels, in 
which the constituents of the expired air might bo absorbed, and at the 
same time quantitatively determined. HowqveV simple this method majjr 
at first sight appear, and however conformable it may seem to nature, it 
possesses many deficiencies Tllhich cair only be fully understood by those 
who have themselves employed ft. It is altogether unsuitable for the 
investigation of thq influence exerted by the mechanical conditions of the 
respiration, or for the exact determination of the relations of volume ex- 
isting between the inspired and the expired air, &c. For even if the 
apparatus is so constructed that the animals are not compelled to take 
deep or frequent gasping inspirations, if the air be sufficiently changed, 
and if the animal be removed from all keen draughts of air, nnd if the 
apparatus itself be free from a continuous alternation in the tension of 
the air, &o., we are only able by this method to ascertain with accuracy 
the absolute quantities of the carbonic acid and aqueous vapor exhaled 
in given times, for the quantity of the absorbed oxygen can only be de- 
termined approximately by weighing the animal both before and after 
the experiment, and determining the oxygen contained in the amount of 
exhs^ed carbonic acid and water, &c. The introduction of perfectly dry 
air, which is indispensable even to the moderate accuracy of the experi- 
ment, causes the animals to lose more yrater than u^jder ordinary circum- 
stances, in consequence of their breffthing in an atmosphere to which 
they are unaccustomed, and hence they speedily fall ipto an abnormal 
condition. The admirable investigations which Marchand has made by 
this method on the respiration of frogs, indicate, however, that it is capa- 
ble of leading to results of the. highest value to science. 

A third method was erqployed, first by Valentin, and subsequently 
by von Erlach under his guidance ; animals were introd«iced into an en- 
closed space filled with atmospheric air, and they were suflb^d to respire 
therefor some time, when, thq, yplome and the compositidh'.of the ex- 
pired air were compared wl^ lbi.0iK of the original atmosphere. As far 
as this object is concerned, *the anove method gives highly satisfactory 
results, as may be seen from the investigations of the above-named che- 
mists ; although, as is obvigus, it cannot be employed for absolute deter- 
minations, or for the investigation of the influence exerted by mechanical 
and physiological rel^^ns on the respiration. 
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An apparatus has lately been ingeniously contrived by Begnault and 
Beiset, by which the second and third of these methods have to some 
extent been combined together. The animals here also breathe in a 
circumscribed space, from which the carbonic acid and a portion of the 
expired water are constantly being removed by a solution of potash, 
whilst a quantity of oxygen cotvesponding with the amount absorbed is 
continuously being supplied from another vessel, without the pressure 
of the air being on that account subjected to any considerable ^ctua* 
tions. Although the advantages of this method are striking, it is not 
entirely free from objections, for the saturation with aqueous vapor of 
the air which the animal is inspiring, and the increased amount of nitro- 
gen in the air after the long-continued respiration of animals, within a 
limited space, are elements which must speedily exert some influence on 
the respiratory process. 

When we pass in review the most general results yielded by different 
investigations on the interchange of gases in tho lungs, we find in the 
first place, that the blood in the lungs gives off carbonic acid and aqueous 
vapor to the inspired air, and takes up oxygen from the latter ; a very 
small quantity of nitrogen also commonly passes from the blood into the 
respired air, although imder special conditions, the opposite sometimes 
occurs. The first question which presses itself upon our notice is un- 
doubtedly the determination of the relation existing between the exhaled 
capbonii acid and the oxygen from the inspired air which has disappeared 
in the lungs. It is well known that -the volume of carbonic acid gas is 
equal to tl^ volume of the oxygen contained in it ; if, therefore, a vo- 
lume of canonic acid were found in the expired air, which was equal to 
that of the oxygen which had disappeared from the inspired air, we might 
be led to conclude with many of the older inquirers, that the oxygen ab- 
sorbed in the pulmonary vesicles is exactly sufficient to form the carbonic 
acid which they exhaled. This, however, is by no means the case, for 
under ordinary relations, the volume of oxygen absorbed is much larger 
than thft volume of carbonic acid which is exhaled. The oxygen does 
not thetefore serve merely for the oxidation of »the carbon, but also- for 
that of the hydrogen of the animal- constituents. If, for instance, 
animals be allowed to. breathe in an enclosed space, end we then analyze 
the air which has been modified by their respiration, we find that more 
free oxygen has disappeared than could hfive been employed in the for- 
mation of the carbonic acid contained therein ; we obtain the i$ame re- 
sult if, as was done by Marchand, we compm!« th§ loss of weight in the 
animal during the period of the experiment^ with the oxygen ebntained 
in the expired air, and distributed in the eaarbonic acid and aqueous 
vapor ; for in this case we find that the animal has lost- less in weight 
than might t»e expected from the quantities of excreted carbon and 
hydrogen; conabquuntly a substance appiemable by weight must be 
absorbed by the body of the animal dtcring/|?e[q>iFation,>aind this eua be 
no other than oxygen, as the quantities of tSe nitrogen, iS mther 

absorbed or given off, are on the whole too small to exOrt afijr ^iCCial 
ihjftttenoe on't^ relation. Very numerous Oltoerfments haV#|»een made 
on this subject with all the best appliances of scilnoe. . The in^idual 
results yielded by these investigations will engi^ our attention at a 
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future page, and we would here only observe, that on an average for 
every 1 volume of absorbed oxygen, there is only about 0’8616 of a 
volume of carbonic acid in the expired air. We shall presently see, on 
comparing the investigations of modern experimentalists, that this re* 
lation appears to be a somewhat variable one, while the experiments of 
Brunner and Valentin, and of von Erlaph, give almost exactly this pro- 
portion between the gases. According to Valentin, the interchange of 
these gases (corresponding to the law of their diffusion) stands in an in- 
verse ratio to the square roots of their densities. 

Attempts have frequently been made to compare the volume of the 
expired with that of the inspired air. On examining both kinds of air 
when freed from water, we naturally find a diminution of the volume of 
air, corresponding to the volume of oxygen which has- been absorbed and 
not converted into carbonic acid. (We must, however, here disregard 
the small quantity of exhaled nitrogen.) The result will certainly be 
different when both kinds of air are compared together in a mmst state ; 
since the inspired air is usually not saturated with aqueous vapor, while 
the reverse is the case with the expired air, it necessarily follows that 
the tension of the aqueous vapor t^en up in t|^e lungs must cause an 
increase in the total volume of the air. 

We need scarcely observe that ^e elevation of temperature which the 
air commonly experiences in respiration, (from 36*2 to 87*3®, according 
to Valentin), must occasion a corresponding augmentation of viblume. 

The quantity of water exhaled by an adult man in a state of rest in 24 
hours amounts, according to Valentin, to 606, according to^ Vierordt to 
360, and according to Horn to 350 grammes ; as, however,* aqueous air 
was inspired in the experiments of the last-named observers, the actual 
loss of water is only 321 grammes. , 

We have already shown, that the qumitity of nitrogen in the air does 
not remain precisely the same during respiration. Various views were 
long entertained in reference to the question, whether nitrogen gas was 
absorbed or exhaled during respiration ; the more modern investigations 
of Brunner and Valentin, as well as those of Regnault and Reuet, have 
nc^ placed it beyond a doubt l;)iat there is an excretion of nitrogen, al- 
though only in extremely small ^quantity. According to the former of 
thense inquirers, the expired air wasvabout 0*4020 (by volume) richer in 
nitrogen than the inspired air ; whilst the latter observers found m their ex- 
periments on animals, that for every 10,000 parts by weight of absorbed 
oxygen, from 8 to 188 parts of nitrogen were developed in the lungs. 
Boussingaulti had already ejideavored at an earlier period to prove this 
fact by an indirect method, namely, by comparing the quantity of nitro- 
gen taken into the system with the food, with that coq^ained in the fluid 
and solid excrements, apd tho result was, that the quantity of nitrogen 
present in the excrements wee below the amount tqkenp up with the food, 
and hence it was concluded that the defident quantity of nitrogen must 
have been excreted from the organism throi^h the lungs. Bousungault 
found that the relative weights of the exhaled nitrogen and the expired 
carbonic acid were nearly ael : 100. BarraP obtained the sune result in 

1 Ann. ^ Ghim. et de-|!^8. 2 Bdr. T. 61^ p. 128 ; and 8 Sto. T, p. 488, and T. 12, 

p, 168 , t 

* Compt. rend T. 27, p. 861. 
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his experiments on men, for according to him the quantity of exhaled 
nitrogen amounts to about 1-lOOth of the quantity of the excreted car- 
bonic acid. We have already observed (in vol. i. p. 405) that a portion 
of the nitrogen occurs in the expired air under the form of ammonia. 

Dr. Reuling® has recently published a prize essay on the amount of 
ammonia in the expired air both in health and in disease, vrith especial 
reference to urmmia. The following are his most important conclusions : 

1. The exhaled air of every one contains ammonia. 

2. In health its quantity depends on the amount of ammonia in the 
inspired air. 

8. In healthy men there is neither an absorption nor an elimination of 
ammonia by the pulmonary mucous membrane. 

4. Fresh normal* human blood contains no ammonia ; but almost im- 
mediately after it has ceased to circulate in the vessels (whether obtained 
by venesection or from the dead body), carbonate of ammonia and other 
ammoniaeal compounds begin to be formed in it. 

5. Logwood paper is the most sensitive of all the tests for ammonia, 
and detects it when diluted 64 million times. 

6. The amount of aiiimoiua in the expired air is sometimes increased 
in the following diseases : In caries of the teeth, in angina tonsillaris, 
in typhus (in consequence of the formation of ammonia in the blood), 
in pymmia (when ammonia is formed in the blood thr,ough the influence 
of pus), ind in ursemia (either when ammonia is developed in the blood 
from the retained urea, or when the ammonia formed in the bladder from 
urea is taken up into the blood). 

7. In all probability the amount of ammonia in the expired air is 
sometimes also increased in cholera and scarlatina. 

8. The augmentation of the quantity of ammonia in the expired air 
occurs most frequently in uraemia, but is not a pathognomonic symptom 
of this disease. 

9. The appearance of ammonia in the blood is certainly the most fre- 

quent, ahjhough it is not the sole cause of uraemia. Uraemia may be pro- 
duced by the accumulation of the extractive matters in the bloodinesses 
of suppression of urine. — a. b. <■ 

In addition to these,,very slight traces of ammonia, the expired air not 
unfrequently also contains volatile sdbstances which have been taken witii 
the food, such as jilcohol, phosphorus, camphor, and ethereal oils ; and 
even when no such substances can be detected in the food, small quan- 
tities of an organic carbo-hydrogen are found in the expired air. The 
reddening which sulphuric acid undergoes when used for the purpose of 
drying the expired air also indicates this fact ; but when, as in most ex- 
periments on anknals, certain products of perspiration are intermixed 
with the expired air, this coloration may depend upon the gases of the 
intestinal exhalatfonsy or in case the second of the methods above indi- 
cated have been employed, it may be owing to tihe presence of mechanically 
adhering organic parts, as, for instance, dust from the skin of the animal. 

even where respired air, in which no impurities are present, has been 
efeeq^yed, a slight coloring of the acid may be constantly observed after 
the air has been suffered to pass uninterruptedly thorough a sulphuric add 

* Ueber d«a Ammoniakgehalt der expirirten Luft, und' Sidber Verhalten in Erank- 
haiten. Bin Beitrag xur Kenntnisa der Urssmie. Qiessen, 1864. 
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apparatus. It seems tolerably well established, from the very exact ex- 
periments of Regnault and Eeiset, that the hydrogen and the carburetted 
hydrogen which they found in air which had served for a prolonged time 
for the respiration of animals, were not dependent solely upon the per- 
spiration or the intestinal exhalation, but that an appreciable quantity 
both of hydrogen,and proto-carburetted hydrogen was exhaled from the 
lungs when in a perfectly normal condition. 

We will now proceed to establish several absolute values which the 
above-named investigators have obtained in reference to many of these 
points. Wc possess very different statements regarding the quantity of 
carbonic acid exhaled within a definite time by an adult man. The 
cause of this diversity may readily be comprehended when wc consider 
the methods by which these numbers have been obtHned. With the ex- 
ception of Scharling and VisEordt, all other observers have contented 
themselves with collecting the air of only a few respirations, and, after 
determining the amount of carbonic acid, h^e calculated thtf quantity 
of this gas for a definite period of time. We have already seen how 
easily we may be led into error, from want of practice, by the determi- 
nation of individual respirations, anil these erroie augment in proportion 
to the length of time (as, for instance, 1 hour or 24 Hburs) for which we 
endeavor to establish the exhalation of carbonic acid. W§ will there- 
fore pass over the* older results, which vary considerably, merely observ- 
ing that, according to Scharling, a very powerful adult man exhales in 
24 hours 867 grammes, or at a temperature of 0®, and the barometer 
at 336"' [29*84 inches], 443,409 cubic centimetres [or about 27,058 
cubic inches] of carbonic acid. Basing his calculations on Valentin’s 
law, Vierordt therefore calculates that the amount of oxygen absorbed 
by an adult in 24 hours (and partly given off again with the carbonic 
acid and the water, and partly remaining in the body) amounts to 746 
grammes, or 520,601 cubic centimetres [or about 31,740 cubic inches] ; 
consequently about 116 grammes of the absorbed oxygen are retained 
in the organism. According to Boussingault’s determinations, about 8 
grg<mmes of nitrogen would be given off to the atmosphere in the same 
period of time by the same individual, whilst, according to Valentin, 
about 500 grammes of water are exhaled on an average in equal inter- 
vals of time. The numerous and "carefully conducted experiments of 
Vierordt show that the air exhaled by a healthy man*in a state of rest 
contains on an average 4*334g by volume of carbonic acid. 

The above remarks indicate that the frequency or depth of the respi- 
ratory movements must exert considerable influence on the interchange 
of gases in the lungs. Before we proceed to the other relations by which 
the pulmonary functions are modified, we will consider these purely me- 
chanical relations somewhat moare attentively, especially since many other 
physical and physiological influences affect the respirarory functions, and 
particularly the excretionVof carbonic acid, only in an indirect manner 
by modifying the respiratory movements. Notwithstanding the attention 
which has been directed to the mechanism of respiration in its anatomi- 
cal and physiological relations, and the number and excellence of the in- 
vestigations made in reference to the chemical constitution of the expired 
air and the difference which it presents under the most different phy- 
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siological conditions, this most important factor in the process of respi- 
ration remained almost entirely unnoticed until Vierordt published his 
■well-known work on the subject, which he has so thoroughly exhausted 
that all our knowledge of the relations in question may in fact be refer- 
red to him alone. We cannot, therefore, do better than follow him as 
our guide in these inquiries. 

Vierordt first limited his investigations solely to the determination of 
the dependence of the amount of carbonic acid in the expired air upon the 
frequency of the reipiratory movements ; to ascertain this relation, he 
began by observing the quantities of carbonic acid excreted during per- 
fectly quiet respiration, in order to obtain certain mean values and to 
establish the corresnonding variations. All Vierordt’s experiments were 
made upon himsel*and as nearly as possible, under the same conditions. 
The duration of each experiment was limited to a minute, and the air 
collected during that period was tested for its amount of carbonic acid. 
Before each experiment a few respirations were made, corresponding in 
frequency as nearly as possible, to those made during the period of the 
experiment, since the air remaining in the lungs from the previous respira- 
tions might have induced a relative error jn the result of the observation. 
These comparative observations on the different frequency of the respi- 
ration were not made consecutively, but at intervals of about half an 
hour,^ and, as far as possible, at the “same time of thqday. The volumes 
of gases given in the following table are calculated for a temperature of 
37°, and the barometer at 336 Paris lines. 

Vierordt found the following mean values, to which we add the maxima 
and minima, for the respiratory function for one minute during a state of 
perfect bodily repose. 


Mean. 

Minimum. 

Maximum. 

76*52 

11*9 

6084*0 c. c, 
[or 884*7 c. U 
261-62 c. c. 
[or 16 00 0 . LI 
607*0^0. c. 
[or 81*0 O.L] 

4-884 

64 

9 

4206.0 0. 0. 
[or 266*6 c. L] 
177*0 0. 0. 
[or 10 % 0. LI 
867*0 0- c. 
[or 22*4 0 - L 

8*868 

101 

15 

9831 *0o. A* 
[or 668,2 0 . L] 
462*0 0. 0, 
[or 27-6 O.L] 
699*0 0. 0. 
[or 42*7 c. L] 

6-220 


Num'ber of pulsationB, . . 

Number of respirations, . 
■Volume of the expired air, 

‘ ‘ expired carbonic acid, 

** one expiration, • . 

Carbonic acid in 100 parts of 
expired air, . . ' . . . 


After having obtained these fundamental yalnes, Vierordt tried the 
expetriment of breathing vdth double the rapidity witdioat dlminudiing 
the normal deptlr of the inspiration, and he then obtained the result 
that the relaiiTe ^<|uantity of carbonic aeid was on a» average about 
0*907 9 less than* in ^ normal undisturbed fes^ationj when we num- 
ber of inspirations were increased three tameS their former amount, this 
»dimmudon was about 1*126^ ; when the number ■was increased- fourfidd, 
it was 1*292$^ and finally, when they were increased eif^tfd^ it was 
about l*600g. When the nmnber of the insjpiratioiis was ainunished by 
one-half (when only 6 instead of 12 inspiratiOnB made in. a mmute, 

which occasioned oonuderable difficulty of hreat^g, and hence could 
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not yield a perfectly pure result), the dijBTerence in the quantity of car- 
bonic acid in the expired air was found to be 1*316^. This relation will 
be rendered more clear by the following comprehensive arrangement of 
mean values found by Vierordt, in which the mean quantities of the 
carbonic acid obtained during respirations of different rapidity, ai'e 
calculated for ouQ and the same normal quantity of carbonic acid. 


Acts of respiration in one minute. 
6 
12 
24 
48 
06 


Carbonic acid in 100 toIs. of expired air. 
5'628 
4*262 
8-855 
2-984 
2-662 


Vierordt was able, after a few corrections made ift the numbers thus 
obtained, to show that the lyimbers of the respirations are functions of 
the numbers expressing the corresponding percentage of carbonic acid. 
Thus for every expiration, without reference to duration, therft is a con- 
stant amount of carbonic acid (of 2‘58), to which we must add a second 
value expressing the quantity of carbonic acid exactly proportional to 
the duration of the respiration. Wo subjoin thg following table in eluci- 
dation of this proposition : • 


• 

• 

llGgpiratioiifl. 

Peroentapre of 
carbonic acid. 

Constanta. 

Augmentation of th? per- 
centage of the csrhonic aetd 
tor the duration of the 
respiration. 

6 

6-7 

2-5 

8-2 

12 

4-1 

2-5 

1-6 

24 

3-3 

2 5 

08 

48 

2-9 

.25 

0-4 

96 

2-7 

2-5 

0-2 


[The author here quotes Vierordt’s formula, representing (as that 
chemist believes) the connection between the percentage of the carbonic 
acid and the number of respirations in a minute. As, however, it would 
net be intelligible to the general reader without a much fullef explana- 
tion than is given in the original text, we deem it advisable to omit it. — 
CL E. H. j 

Sturmer,^ who carried on a series of investigations on this subject 
under the direction of Marchand, obtained somewhat different results 
from those of Vierordt, although upon the whole they arrived at tole- 
rably similar conclusions. As Sturmer and Marchand’s results did not, 
however, admit of being expressed by Vierordt’s formula, they attempted 
in some degree to modify itw Several objections were advanced a^nst 
Vierordt’s method, as, for instance, the expiration ints the expirator with 
open nostrils, the employments of a solution of common salt as a sepajrat- 
ing fluid, and the negle^ dt the difference of the fusion of its vapor 
firom that of pure water, inaccurate determination of the temperature 
of the air in the anthraoometer, and the nncertainffr in the ■ reading of 
the waterdine, &c. Most of these objections were, however, recognized 
andi^ecifled by Vierordt himself, and we agree with him in thinking that 
they do not materially influence the main results ; for although we by no 
’ ObsUT. de-«ei(U oedboaloi respiratlone elhalati qnaatltate. ' Halie, 1848. 
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means hold the view that a very large number of less exact experiments 
are able to give a better result than a few very accurate observations 
(since, if this were the case, an astronomer might as well content himself 
with taking the mean of the times of 100 clocks instead of employing 
one costly but reliable chronometer), Vierordt’s experiments appear to 
as fully to merit the confidence which their author' himself places in 
them. One of the most essential requirements towards the success of 
such experiments undoubtedly consists in the power of carrying on the 
normal respirations in a quick and undisturbed manner, and in this 
respect Vierordt has a decided advantage over Stiirmer. The latter 
observer obtained the following mean quantities from eight or ten expe- 
riments with the expired air. 

6 Beeplratory movements in the minute yielded 6*45 per cent, of carbonic acid. 


12 

(( 

«« 

4-67 

cc 

ti 

24 

tc 

it 

8*60 

(( 

tt 

48 

it 

it 

2G5 

it 

it 


According to Vierordt’s experiments, 600 cubic centimetres [or 30*6 
cubic inches] are about the mean value for the volume of the air expelled 
by one expiration when tbe breathing is urfdisturbed. If now wo assume, 
during hurried respiration, an equally large volume for the air ex- 
pelled by each expiration, the absolute amount of carbonic acid exhaled 
in a minute may be very readily calculated from the above data. The 
following table plainly shows the relations deduced from this calculation. 


Number of 
expirations in 
one minute. 

Carbonic acid in 
100 Tolumee of 
expired air. 

The quantity of air 
expired In one 
minute. 

The quantity of 
carbonic acid expired 
in one minute. 

The carbonic acid 
exhaled in one 
expiration. 

0 

6*7 

8,000 c. a [or 183 c. i.j 

171 0 . c. [or 10-4 c. i.] 

8*6 c, c. 4^or 1*7 c. 1.] 

12 

#*41 

6,000 0 . o. [or 866 o. i.] 

261 c. c. [or 13*6 o. i.] 

20*6 0 . 0 . [or 1*3 o. i.] 

24 

8*3 

12,000 C.C. [or 783 c.i.] 

396 c. 0 . [or 24*2 o. i.] 

16*6 0 . 0. [or 1*0 0 . L] 

48 

2*9 

24,000 O.O. [or 1,463 0 . !.] 

696 c. c. [or 42*6 o. i.] 

14*6 0 . 0 . [or 0*88 0 . 1.] 


2-7 

48,000 c c. [or 2,928 c.i.] 

1,296 0 . 0 . [or 79 c. I.] 

t 

13*6 c. c. [or 0*82 c. i.^ 


Vierordt subjoins sonfe interesting ‘remarks on the number of respira- 
tions which must be made in a minute in order to remove the whole of 
the carbonic acid frotn the blood circulating through the lungs. If, for in- 
stance, we assume with him that the quantity of carbonic acid in the blood 
passing in one minute through the pulmonary capillaries amounts to 4300 
c. c. [or 262 cubic inches], it would require, according to the above data, 
upwards of 800 respiratory acts for its entire removal; for 192 respira- 
tions would only rftnove 2496 c. c. [or. 162 cubic inches], whilst twice 
that number mi|ght separate as much as 489&c. c. [or. 299 cubic inches], 
supposing that such excessive frequency of^espiration were within the 
limits of possibility. In accordance, howeveif, with hiS view of the 
quantity of carboni#'acid contained in the blood of the pidmOnary 'capil- 
laries, six respirations within the minute would expel only 8’978 of oar- 
boAlc 'acid; twelve would yield 5’728; twenty-four 9*218 ; and forty- 
eight 16*188. 

Although several causes, besides the frequency of respiration, exert 
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the most marked influence on the quantity of carbonic acid in the ex- 
pired air, this law nevertheless remains in force for otherwise similar 
conditions, as Vierordt has convinced himself by numerous series of ex- 
periments instituted under the most various bodily conditions. We must, 
therefore, assume with him, that the rhythm of the respiration acts as 
the most powerful ^regulator of the excretion of carbonic acid. 

The influence of the respiratory movements on the excretion of car- 
bonic acid is equally manifested, when we consider the intensUtf or depth 
of the individual rt^piratwn%. Notwithstanding the difficulty of draw- 
ing respirations of a certain depth, Vierordt has been able to obtain very 
decisive results in relation to this point, as may be seen in the following 
table : 

If the air of normal respirations oonttun 4-60 per cent, of carbonic acid, 

The air in respirations twice as deep contains 4*00 “ “ 

three times “ 8*70 “ “ 

four times “ 8'38 “ “ 

' eight times “ 2-78 “ “ 

half “ 6-88 “ “ 

From these observations it fallows, that in anexpirS,tion having double 
the normal volume, the absolute quantity of the exhaled carbonic acid is 
about equal to rtiat which is exhaled by respirations- haviQg three-fold 
the normal frequtmcy ; whence it iS further proved that the organism 
possesses two means of at the same time separating larger quantities of 
carbonic acid. 

Vierordt adopted two methods of determining the question, whether the 
amount of carbonic acid in the air increases in the finer ramifications of 
the air-passages, as the experiments of Allen and Pepys, and of Jurine, 
seem to show. One method coifsisted in dividing each expiration 
into two as nearly as possible equal parts ; the expired air in the latter 
half must have arisen from the deeper parts of the lungs, and Vierordt 
found in it 5*44^ of carbonic acid as the mean of 21 experiments, 
whilst the first half contained on an average only 3'72|{. The other 
method consisted in comparing the amount of carbonic acid in a normal 
expiration with th|kt in the air obtained by an intensely forced expiration, 
lie found as the mean result of ejght experimants, that while the car- 
bonic acid of a normal expiration (of 574 c. c.) amounted to 4*63g, a 
most complete and full expiration (of 1800 c. c«) contained 5‘18g. 
Hence it follows that in the deeper strata (amounting to 1226 c. c.) of the 
strong expiration (the quantities contained in both expirations amount- 
ing to 26*57 and 93*34 c. xj. respectively,) there are 66*67 c. c. (or 5*43g) 
of carbonic acid, and consequently 0*80g more than the* amount con- 
tained in the volume of a /lormal expiration. As, however, there always 
remain about 600 c. of air in the lowest parts of thp longs even after 
the strongest expiration, t&e highest percentage amount of carbonic 
and in the air in the pulmonary cells would be about 5*83g, that is, 
l*2g more than is contained in the air qf a normal escpiration. 

Vierordt made four series of experiments on the influence which 
ohstruetion of the respiration exerte on the secretion of carbonic acid. 
All these experiments generally exhibited a very considerable decrease 
in the absolute amount of carbonic acid, and a considerable increase in 
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its relative amount — a result to which Horn^ has also been recently led 
in a series of analogous experiments. 

We now proceed to the consideration of those changes which the ex- 
pired air experiences from the indirect action of chemical agents, that 
is to say, more especially from the inhalation of artificial atmoipherei, 
or of different kinde of gases. The latest experiments of Begnanlt and 
Beiset, on dogs and rabbits, show that tibe respiration of air which is 
richer in oxygen than the atmosphere, does not produce effects differing 
from those yielded under the normal relations ; the animals did not 
exhibit any distress from the inhalation of air containing two or three 
times more oxygen than our atmosphere, and the products of respiration 
were precisely toe same as when the animals had breathed atmospheric 
air. It is therefore the more striking, that the earlier experiments on 
respiration in pure oxygen should have led to tolerably decisive results ; 
among these we must include the observations of Lavoisier and Segnin, 
as well a6 those of Allen apd Pepys on man, and those of Marchand on 
frogs. According to these observers, the excretion of carbonic acid was 
only very slightly or not at all increased by breathing in pure oxygen, 
although far more oxygon was absorbed than under ordinary conditions. 
According to Marchand, for instance, there remained more oxygen in 
the blood (wihich was not expended in the formation ’of carbonic acid) 
than in respiration in ordinary air. The experiments of Allen and 
Pepys exhibit, moreover, no inconsiderable exhalation of nitrogen. Sir 
Humphrey Davy’s experiments (according to which most of the vital 
functions are performed with augmented energy after the prolonged in- 
halation of oxygen) are worthy of being carefully repeated wito such 
improved moans as Lespasse* has lately employed in his observations. 

The respiration of air richer irt carbonic acid than the ordinary 
atmosphere, and the repeated inspiration of air which had already been 
expired, have been made the subject of numerous investigations. 
Marchand found that frogs which had been suffered to breathe in closed 
vessels, developed less carbonic acid and inhaled less oxygen towards 
the close of the experiments than at the beginning, and that at length 
they absorbed little more oxygen than vftis necessary for the formation 
of carbonic acid. Then experiments ynade by Legallois^ on animals, pre- 
sent results^ differing so essentially from those obtained by other 
observers, that ono- scarcely knows how far to trust them. The follow- 
ing facts seem, however, to possess some degree of probability* A larger 
amount of nitrogen is excreted in an atmosphere rich in carbouio acid 
than in the ordinary air, and when the air is very riohly charged with 
oaihonic add^some of this substance is even absorbed by the blood; the 
absorption of oxygen is in that case proportionally smidl. 

Davy's experiments prove that pure carbonic a(n(||cannot be inhaled, 
as the glottis spasmodically obstructs its passage ; 6K1 or even 40^ of 
carbonic acid are sufficient to render an atmosphere unfit for respiration, 
•■althoug'h air less densely charged with this aoid may be respired, for 
some time without producing any injurious effects, and the danger in- 
duced by its prolonged respiration depends less upon the actual amount 

' N«tie medio. -eMrarg. ZaUuag. 1849, S. 88-39. > Compt. rend. T. 22, p. 1065 

* Exp. ear le prinoipe de la vie. Paris, 1812. 
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of carbonic acid than upon the insufficient supply of oxygen conveyed 
to the lungs by such an atmosphere. 

It has been shown by Legallois’ experiments on guinea pigs, that in 
air which is richer in nitrogen than the atmosphere, nitrogen is absorbed 
and less carbonic acid exhaled ; the absorption of oxygen appears to be 
relatively greater than in atmospheric air. 

The inhalation of pure nitrogen gas is speedily followed by symptoms 
of suffocation ; according to Coutenceau> and Nysten,’ rather more car- 
bonic acid appears te be exhaled than in the atmospheric air. 

The most careful experiments have been made on the respiration of 
nitrons oxide by its discoverer, Humphrey Davy, and these observations 
have been perfectly corroborated in recent times by Ph. Zimmermann. 
The first effects are manifested by pleasurable sensations, considerable 
excitement, and a state resembling intoxication, but this speedily (after 
the lapse of five or ten minutes) passes into asphyxia. According to 
Da'vy’s analyses of the expired air, a large quantity of nitrouS oxide is 
absorbed by the blood ; carbonic acid and nitrogen being given off in no 
larger quantities than Usual. Zimmermann made numerous experiments 
with this gas on pigeons and ra.bbits, and foundfthat the pulse soon be- 
came irregularly quickened, and the respiration very frequent, these 
symptoms being ft)llowed after a time by slight convulsions apd asphyxia. 
A strong rabbit w%-s resuscitated b^ the artificial inhalation of atmo- 
spheric air, after the animal had remained for 3 hours and 20 minutes in 
an atmosphere of nitrons oxide. Zimmermann found that a rabbit which 
yielded on an average 0*8 of a gramme of carbonic acid in atmospheric 
air, exhaled 1*3 grammes, when respiring nitrous oxide. 

Respiration may be carried on without injury fop a tolerably pro- 
tracted' period in an atmosphere coiftaining hydrogen gat^ if a sufficient 
quantity of oxygen be present. Regnault and Beiset caused rabbits, a 
dog, and frogs to respire in an atmosphere whose nitrogen had been for 
the most part replaced by hydrogen (from 55 to 77g of hydrogen, from 
1*1 to 14*4^ of nitrogen, and from 21'8 to 28'8g oxygen) ; -Oie rabbit 
remained in this atmosphere 20 hours and the dog 10 hours without any 
obvious injury, excepting that the respiration was augmented in force-— 
a circumstance ’^hich these observes thought they might refer to the 
greater cooling power of the hydrogen. At the close of the experiment 
nearly the original amount of hydrogen was found p there was a more 
considerable absorption of oxygen than in the case of atmospheric air. 
Nitrogen appeared to be exhaled ; but this might have been derived 
from the Mr already in the lungs of the animals, when they were intro- 
duced into the apparatus in whi% they were made to respire. The 
respiration of these animals proceeded, therefore, quite as regularly , in 
this artificial atmosj^ere as in ordinary air— a oircumstasoe which had 
already been observed by Lavmsier and Seguin, a^well as by Humphrey 
Davy... 

It is^ 'dearly shown by Regnault and Beiset’s expmments that the 
only reason why re^iration cannot be^aupported for any length of time 

> lUviaioB des nour. dootr. oliem.-pliyBiol, &o. Paris, 1814. 

* Becherches d« Physiol, et de Chim. pathol. Paris, 1811. 

* Diss. ioaag. med. Marbargi, 1844. 
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in pure hydrogen gas is, that the organism is thus deprived of the 
oxygen necessary for life. Marchand found that frogs died in froin 
half an hour to an hour after being placed in pure hydrogen gas ; they 
exhaled a much larger quantity of carbonic acid in this gas than in 
atmospheric air, for whilst 1000 grammes’ weight of frogs exhaled about 
0‘077 of a gramme of carbonic acid in one hour in atmospheric air, they 
developed as much as 0*263 of a gramme of carbonic acid in the same 
time in pure hydrogen gas. 

Carbonic oxide gas, when mixed even in very minute quantities with 
atmospheric air, gives rise to faintness, feelings of suffocation, stupefac- 
tion and death. The fact of this being the constituent to which choke- 
damp owes its fatal effects, has been especially demonstrated in recent 
times by Leblanc.* 

We need hardly observe that sulphuretted hydrogen, seleniuretted 
hydrogen, phosphuretted hydrogen, arseniuretted hydrogen, ammoniacal 
gas, sulphurous acid, chlopne, &c., are not merely irrespirable, but are 
also poisonous gases, like carbonic oxide. 

Like all the other functions of the animal organism, the respiration is 
acted upon in ajdefinite manner by'nunterous influences of the external 
world. The animal body is brought into the most intimate relation with 
the atmosphere through the medium of the lungs ; and* hence the effects 
of various atmospheric conditions ate discernible in the different respira- 
tory functions. In consequence of these relations, we will investigate 
the alterations apparent in the composition of the expired air during 
different conditions of the atmosphere ; amongst which the temperature 
first claims our attention. The earliest experiments made in relation to 
this point were fpr the most part limited to those animals which at low 
temperatures either fall into a state resembling hibernation, or whose 
vital activity is at all events more or less reduced. As Spallanzani, 
Saissy, Treviranus^ and others had observed that insects and molluscs, 
as well as marmots, bats, and hedgehogs, exhaled less carbonic acid in a 
low than in a high temperature, it was at once assumed as a general 
proposition, that a depression of the surrounding temperature would 
constantly produce this effect in all classes of animals. The numerous 
and variously modified- cxperiments^which have since been made in con- 
nection with this inquiry have, however, proved that in the higher 
classes of animals* at all events there is a diminution in the exhalation 
of carbonic acid corresponding with the rise of the temperature from the 
freezing point. Letellier* was one of the first of several observers who 
in recent times have made a series of determinations of the quantities of 
carbonic acid exhaled by different ani&als, as green-finches, turtle-doves, 
mice, and guinea^-pigs, at various lower or higher temperatures. His 
results showed that the largest relative amount of carbonic acid was 
exhaled in a temperature between — 5^ and +3°, and the smallest at a 
temperature between -f 28® and 43®. This ratio is more strongly 
' marked in birds than in the mammals ; the animals on which these 
•experiments were made were unable to bear a temperature exceeding 
-1-43®. Almost simultaneously with Letellier, Marchand obtained 
similar results with frogs ; with this differenoe only, that these animals 
> Conpt read. T. 80, p. 488. * Ildd. T. 20, p. 794.* 
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already fell into a torpid state between + 2° and 3°, in which they 
excreted a remarkably small amount of carbonic acid, 1000 grammes’ 
weight of frogs yielding only 0*089 of a gramme in one hour, whilst the 
largest amount was exhaled between 6° and 7°, 1000 grammes’ weight 
yielding 0*124 of a gramme ; tl^e quantity of excreted carbonic acid then 
gradually sunk in proportion to the rise of the temperature. Between 
28° and 30°, 1000 .grammes’ weight of frogs exhaled only 0*077 of a 
gramme in one hour. 

Yicrordt has calculated a scale of the values of the respiratory functions 
according to each degree of temperature between 3° and 24°, basing his 
numbers on the results of his numerous experiments on the excretion of 
carbonic acid, in which he noted the thermometric and barometric read* 
ings, as well as the pulsations and respirations, and the volumes of the 
individual expirations throughout the entire experiment. These tables 
afford a better insight into the influence of the temperature on the respi- 
ration than we obtain from any of the earlie^ observations on fhe same 
subject. For the better comprehension of these relations, we divide the 
mean result into two sections, of which the one represents the means of 
the values obtained in the lower ,degfees of temperature between + 3° 
and 13°, and the other those between 14° and 24°. , 



Average temperature. 

• 

DiiTerence. 


,v 

19-40® 

Pulsations in one minute, 
Respirations in one minute, 
Volume of one expiration, 

72-93 

1216 

548*0 c#c. 

71-29 

11-67 

520-8 c. 0 , 

1-64 

0-69 

27 -2 c. c. 

Air expired in one minute, 

[or 83-6 c. i.] 
6672-0 c. c. 

[or 31-8 c. i.] 
6106 0 c. 0 . 

[or 1-7 c. i.] 
666-0 c. c. 

Carbonic acid in one minute, 

[or 407-0 c. i.] 
299-33 0. 0. 

[or 867-2 c. i.] 
267-81 c. c. 

[or 40-0 c. L] 
41-52 0. 0. 

Carbonic acid in 100 parts 
expired air, .... 
State of the barometer, . . 

[or 18-3 c. L] 

4-48 

834-60 Paris lines 
[or 29-73 incl^sj. 

[or 15*70 c. i.] 

4-28 

838-82 Paris lines 
[or 29-64 inches]. 

[or 2-60 o.L] 

0-20 


This table not oply shows that the number and depth (volume) of the 
respirations decrease with the elevation of the temperature, but it also ex- 
hibits the indirect influence of temperature on the excretion of carbonic 
acid, from its absolute quantity being considerably diminished by the 
diminution of the number and extent of the expirations ; in the meanwhile 
the percentage amount of this gas in the expired air it also decreased ; 
whence the elevation of the temperature must necessarily influence the 
excretion of carbonic acid by some other means thkn liy diminishing the 
mechanical functions of respiration. 

Yierordt has also determined similar relations in regard to the quanti- 
ties of water expired at different temperatures,* as may be best seen in 
the following table : 

' cAbliandl. ba Begriindung der k. wphs. Ges. d. Wias. Leipidg, 1846. 
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o 

& 

r 

Inspired air 
reduced to 
the corro- 
■ponding 
temperature, 
and B. 

Expired air 
reduced 
to 370 and 
886"' B. 

Water 
expired in 
one 

minute In 
grammes. 

Quantity of water in the 
air inspired in one 
minute in grammes. 

Loss of water in the body in one 
minute^ in grammes. 



Perfectly 

saturated 

With the 
moan amount 
of water. 

When breath- 
ing saturated 
air. 

When breathing air 
oontaiiling the mean 
amount of water. 

4P 

6827 

6684 

0*27988 

0-08097 

0*02435 

0*23991 

0*25553 

9° 

6680 

6384 

0-26723 

0*06219 

0-02471 

0*21608 

0-24251 

140 

5622 

6034 

0*26454 

0*06760 

0*02772 

0-18696 

0-22685 

190 

5263 

6784 

0*24191 

0-08682 

0-03725 , 

0-15509 

0*20466 

240 

6234 

5480 

0*22926 ^ 

0-U164 

0*04156 

0*11461 

0*18770 

m 


The degree of moisture of the atmosphere is not without influence on 
the respiratory functions, and especially on the excretion of carbonic 
acid. !»• have made several experiments in reference to this subject on 
wood-pigeons, green-finches, and rabbits. The weight of carbonic acid 
excreted in moist air greatly exceeds that eliminated in a dry atmosphere ; 
thus, for instance, 100/) grammes’ weight of male wood-pigeons yielded 
in one hour in the morning in a dry air' 10*438 grammes of carbonic acid 
at 0°, 6*055 grammes at 24®, and 4c69 grammes at 3T° ; in a moist at- 
mosphere they yielded 6*769 grammes at 23®, and 7«76 grammes at 87®. 

Jn the same way 1000 grammes’ weight of green-finches yielded in 
the course of one hour in the afternoon in dry air 7*260 grammes at 
0®, 5*679 grammes at 17*5®, and 3*220 grammes at 87*5®. In moist, 
they yielded 5*851 grammes at 17*5°, and 6*851 grammes at 37*6. 
Lastly, 1000 grammes’ weight of rabbits exhaled in one hour before noon 
0*451 of a gramme of carbonic acidint^ry air at a temperature of 37’6®, 
and as much as 0*677 of a gramme in a moist atcaosphere at tilie same 
temperature. 

Few as these investigations are, they yet clearly demonstrate the im- 
portance of this influence on respiration, which we have frequently had 
opportunities of observing at the bedside, more especially in the casg of 
pulmonary diseases. It is only when we proceed to inquire into the 
causal connection existing between„the excretion of carbonic acid which 
is here observed, and the degree of moisture of the inspired air, that we 
are compelled to %dmit our insufficient knowledge of this subject. 

The influence exertod by the moisture of the air on the respiratory 
movements is not a question of mere conjecture, since it admits of direct 
observation. The respirations of animals are more frequent in a moist 
warm atmosphere than in a dry one ; but this result depends very much 
upon the ohangei. to which the aniihals are subjected at the bp^nning 
of the experiment ; but whpn the frequency of the respiration is observed, 
3, 6, or 10 hours after the commencement, of the experiment, it is. always 
found to be more considerable than in a dry atmosphere. tt..appears, 
however, from some experiments made by Buchheim in pay laboratory, 
ithat the moisture of the air even more decidedljr influences the depth of 
the ' inspirations. But although the augmentation* in the expirea car- 
bonic acid, when breathing in a moist air, may be pmrtially explained by 
the alteration in the respiratory movements to which we have^ already 
referred, the influence of mobturb, like that of the temperature, pro- 
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bablj also acts in some other waj. Our knovrledge of these relations 
does not as yet enable us to prove that the aqueous vapor exerts any 
direct influence on the excretion of carbonic acid from the blood. I have 
repeatedly made an observation in reference to this subject, 'which may, 
I think, prove of some interest towards the further elucidation of this 
question. I have found that frogs lose much less of their weight in a dry 
than in a moist atmosphere, the difference being very considerable. The 
two following of my numerous observations may suffice to demonstrate 
this difference. In one case 100 grammes’ weight of frogs lost 1‘820 
grammes of their weight in twenty-four hours in a dry atmosphere, and 
as much as 4''S76 grammes during the same period of time in moist air ; 
in another experiment they lost 0*681 of a gramme in dry, and 5*340 
grammes in moist air. It is very obvious that these conditions depend 
chiefly upon the perspiration, and do not, therefore, present a perfectly 
parallel case with the respiration of the higher animals ; for the exter- 
nal appearance of the frogs which were in the dry air, showed that their 
skin was dry, and consequently in an unfit stdte for carrying on the pro- 
cess of respiration ; but still this observation may not bo entirely un- 
connected with these respiratory ccmditions. It^ also shows the neces- 
sity for practising caution in dmwing our conclusions from experiments 
made on animal^ which have only respired a perfectly dry air. We 
cannot possibly observe normal conditions of respiration in Experiments 
conducted merely in dry air, although this one element may not be, of 
great importance in reference to the consideration of the whole process. 

The preature of the air is another of the atpiospheric influences which 
reacts upon the respiration. We 'will here first refer to the most recent 
experiments made in relation to this subject, partly because they have 
led to the adoption of far more co];rect views regarding the influence 
of atmcNipheric pressi^p than could be obtained from the earlier obser- 
vations on animals. Here too we are mainly indebted to Yierordt 
for our knowledge. His numerous experiments at diflTerent heights of 
the barometer yield the following values for the individual functions of 
respiration. 


Height of 
Barometor. 

Pulse. 

— — 

Yolume 
of one 
expi- 
ration. 

Amount expired In one 
^ minute of • 

Relatlre amount 
of 


Air. 

Carbonic acid. 

carbonic acid. 

892*04 Paris lines 
[or 29-48 inches]. 
887*71 Paris lines 
[or 29-79 inches]. 

70*9 

628-9 0. 0. 

6121 0. 0. 

w 

272'61 0. 0. 

4*460 per cent. 

72-2 

629-2 » 

6607 

271-16 

A- .. 

4-141 per cent. 


A nse in the barometer of therefore increases the pulsations 

1*3, the respirations about 0*74, and the amount of expired air 586*;. c.. 
[or 35*7 cubic inches] in a minute, whilst the carbenicf acid of the latter 
sinks about 0*809g. Yien>rdt further remarks that these dilSerenoes are 
made moi^ ' apparent when respiration is carried on at higher tempera- 
tures. . • * . 

Legallois placed dogs, cati^ rabbits, and guinea-pigs in an atmosphere 
which was only one-thud as dense as the ordinary atmosphere, and com- 
pared the results of these expmriments ‘with others obtained from obsm^ 
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vations conducted at the ordinary pressure of the atmospheric air. We 
cannot, however, attach any great value to these experiments, because the 
sudden change in the atmospheric pressure must necessarily have disturbed 
the other functions of these animals to so great a degree as essentially to 
vitiate the purity of the observation. Although my own ex^riments 
on rabbits and green-finches, in connection with thig point, are not free 
from all grounds of objection, I have endeavored, as far as possible, to 
distinguish between the effects of th^ alteration in the pressure of the 
air, and those depending upon the constant atmospheric pressure. I 
found by direct observation, that every rapid change in the pressure of 
the air, whether this change were one of increase or diminution, gave 
rise to accelerated respiration both in birds and in mammals, and, con- 
sequently, that it was connected with increased exhalation of carbonic 
acid. My experiments were, therefore, conducted in such a manner as 
to accustom the animals to an increase or diminution of the ordinary 
atmospheric pressure, after which the quantity of carbonic acid expired 
within a definite time under such an increased or diminished atmospheric 
pressure, was determined. The results obtained presented nearly the 
same degree of variability, although in some cases the pressure was 
raised to 34", and in others it fell to 22'C Although, for instance, in one 
case 1000 grammes’ weight of green-finches exhaled .5'921 grammes of 
carbonic acid when the barometer stood at 789 ..m. m., and 6*313 
gr{|.mmcs when the barometer was at 805 m. m., the temperature in 
both cases being + 18°, and in another case 1000 grammes' weight of 
rabbits exhaled 0*529 of a gramme of carbonic acid with the barometer 
at 704 m. m., and 0*600 grammes with the barometer at 801 m. m., the 
temperature in both cases being 15°, and there would, therefore, seem to 
be some ground for the hypothesis that an augmentation of the carbonic 
acid was due to increased atmospheric pressure ;i(^et the most *^eneral 
result to be deduced from the tolerably accordant experiments made in 
reference to this subject seems nevertheless to prove that a diminution of 
pressure of the air gives rise to a slight decrease in the quantity of ex- 
haled carbonic acid, whilst an augmentation of pressure occasions a slight 
increase in this gas, and that 4he absolute pressure of the atmqsphere 
must consequently exgrt a very suj^ordinate influence on the exhalation 
of carbonic acid. The animals which were employed for these experi- 
ments were, howei^cr, quite as lively and as much disposed to eat with the 
barometer both at 34" and at 22" as at the mean pressure. 

Marchand made several experiments on the condition of frogs, when 
enclosed in a space from which the air had been almost -entirely with- 
drawn. When the air-pump was worked slowly, the animals began to 
show symptoms of uneasiness, and their bodies swelled at a pressure of 
54 m. m. [21*25 inches], and at a pressure of 4 m. m. [0*1-6 of an inch] 
they exhibited coftsiderable inertia, and many of them became asphyxi- 
ated. After remaining for even half an hour m vacuo ^ the animals re- 
* covered on a readmission of air. If the animals were killed by cCm- 
^te .abstraction of air, it was found that 1000 grammes’ weight of frogs 
would eliminate about 0*600 of a gramme of carbonic acid. 

Prout’s experiments on the influence of the different periods of the 
day upon the exhalation of carbonic acid hare been repeated by several 
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observers, amongst’ others by Scharling, Vierordt, and Horn,* who have 
noticed that the different periods of the day occasion decidedly appreci- 
able differences in this respect. We fully concur, however, with Schar- 
ling and Vierordt in referring these differences far more to internal con- 
ditions of the organism, such as digestion, waking and sleeping, &c., 
than to cosmical relations, if indeed the latter claim any consideration. 
It would at all events appear from the experiments of these observers, 
that the influence of the different^^ periods of the day, if the above phy- 
sical relations be set aside, is reduced to a minimum. Jt must not, how- 
ever, be forgotten, that the numerous experiments of Bidder and Schmidt* 
perfectly coincide with those of Chossat* in showing that animals, when 
fasting, constantly exhale far less carbonic acid during the night than 
by day, this relation continuing unaltered up to the time of death. As 
these oscillations were found by Schmidt to cease after the animals had 
been blinded, they cannot he entirely owing to sleeping and waking ; for 
although light in itself may exert some influence on these corporeal con- 
ditions, it must be very indirect in its nature.* » 

Marchand was induced to believe from his earlier experiments on frogs, 
that the difierence between the diurftal and nootyrnal excretion of car- 
bonic acid was very considerabltf ; he found, however, from his subsequent 
observations, that tbe apparent exQpss of the diurnal over the nocturnal 
excretion in his foyner experiments was entirely owing to *the circum- 
stance that the frogs were employed for the day-experiments immediately 
after their capture, while the same exhausted animals were again used 
for the night-observations. Marchand has, therefore, also been led to 
the conclusion, that the influences of day and night are very inconside- 
rable, and that the slight diminution in the excretion of carbonic acid 
during the night can only be referred to the more quiet condition of the 
animab^ring that time. 

It might, d prioriy be concluded tl|at those internal conditions of the 
animal organism which are closely connected with nutrition^ and which, 
therefore have a direct bearing upon the constitution of (be blood, must 
ex^t the most marked influence on the respiration ; and such indeed has 
been^jproved to be the case by« various experiments on the respiratory 
fur^fions during digestion, as well as during fastipg, and after the use of 
certain articles of food and drink. ^ 

On passing to the consideration of the condition, of the respiration 
during complete abstinence from foody we find that all observers coincide 
in, this point, that fasting essentially influences all the excretions, in- 
cluding that of the lungs. Letcllier found that 1000 grammes’ weight 
of turtle-doves, which exhaled 5*687 grammes of carbonic acid in an 
hour when they were fed upon grain, excreted only ^’120 grammes of 
this gas within the same time after having fasted seven days. Boossin- 

f ault* made a similar observation on the same animals, and found that 
000 grammes’ weight of them, which hourly exhaled 4*169 grammes of 
carbonic acid when fed with millet, yielded only 2*050 grammes after 
a seven days’ fast. Marchand has very carefully investigated the 

• Op. oU. , * (>p. oit, p. 817. 

* Kecberches exptrim. snr I'inanitlon. Paris, 1848, p 67. 

* Ann. de Chim. et d« Phys. 8 Ser. T..ll, p. 488. 



448 


BESPIRATION. 


diminution of the respiratory products and their relation to the absorbed 
oxygen in frogs '(vhile fasting. His numerous series of experiments, 
some of yrhich embrace long intervals of time, appear clearly to show 
that these animals gradually exhale less carbonic acid, and absorb less 
oxygen ; it is, however, worthy of notice that the ratio of the jabsorbed 
oxygen to the exhaled carbonic acid, always rises until it reaches the 
proportion of about 420 : 200, when the great quantity of oxygen must 
necessarily be employed for the o:fida^on of the hydrogen. This ratio 
becomes subsequently so changed (being 800 : 100, or even 270 ; 100) 
that the oxygen is scarcely sufficient for the formation of carbonic acid. 
This lower ratio then remains tolerably constant. 

It would appear from the extensive investigations of Begnault and 
Reiset, that there exists almost one uniform ratio for the most different 
animals in respect to the composition of the air which is expired during 
fasting. The consumption of oxygen is invariably less in fasting than 
in well-fed animals ; thus, for instance, 1000 grammes* weight of rabbits, 
which when fasting absorbed on an average only 0*749 of a gramme of 
oxygen, took up when well fed as much as 0*877 of a gramme. A much 
smaller quantity of the, .absorbed oxygen reappears in the carbonic acid 
when animals are fasting than when they are abundantly fed upon amy- 
laceous substances. Thus, for instance, in rabbits fed vpon carrots, from 
84 to 968 0^' the absorbed oxygen, were expended jp the formation of 
carjionic acid, while only from 76*2 to 70*78 were consumed in this 
manner when the animals were fasting. Regnault and Reiset frequently 
observed an absorption of nitrogen by animals during fasting ; this being 
almost invariably the case with birds, but of rarer occurrence in mammals. 

Bidder and Schmidt' have made two admirable series of experiments 
on the respiration of cats, when th^e animals were entirely deprived- of 
solid food. A cat weighing 2464 grammes exhaled 699*62 graiilnes of 
carbonic acid (= 190*78 grammes^ of carbon) and 626*67 grammes of 
aqueous vapor during 18 days’ inanition. A quantitative determination 
and analysis of the other excretions showed that here, almost exactly as 
in the case of Regnault and Reiset’s direct observations, only 76*6 
grammes of every 100 parts of the oxygen absorbed during inanition 
were eliminated with the expired c^bonic acid; and furth^, that 7.^, *15 
parts of aqueous vapor were exhaled with 100 parts of earbcmic acid 
(the animals were very rarely permitted to drink water), whilst 41*72® 
of the water exhaled were eliminated by perspiration. When we com- 
pare the observations made on individual days during this series of ex- 
periments, we obtain the following results : the absorption of oxygen de- 
creases constantly to the death of the animal, at first very r8q>idly (about 
2 grammes in th€^24 hours during the first few days)^ and then- more 
slowly and regularly (about 0*2 of a gramme in the ^ homis till the 
thirteenth day) ; this«decrease is finally more rapid ^bout 2 |p*ai&me8) 
till the close of the pmriod of inanition. The quantity , of in^ired oxy- 
* gen which is not expended in the formation of carbonic acid decreases at 
'first very rapidly^.bnt afterwards with tolerable re^pilanty. >At the 
commencement of the experiment 808 were expended m the formation of 
carbonic acid (on the second day 77*48), o-Q-'i ibe dose of the experi- 

* Op. oit. pp. 804 et S40. 
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ment only TS'Og. The quantity of daily excreted carbonic a.cid decreases 
■with tolerably uniform rapidity during the first six days, but the diminu- 
tion is much more gradual during the succeeding six days, and again 
more rapid during the remaining six days. If, however, we compare 
the daily, excreted carbonic acid with the daily waste of tissue, as calcu- 
lated by Schmidt, we obtain the following stnking relation f ait first- the 
quantity of the excreted carbonic •acid scarcely amounted to double the 
quantity of wasted tissue, in the mid^'e of the experiment it was times 
as great, and at the close of the experiment it was even triple the 
amount. This waste of tissue yields, therefore, a relatively much smaller 
quantity of carbonic acid at the beginning than towards the middle of 
the .period of inanition, but the largest quantity towards the close of the 
experiment. As we may already calculate from the composition of the 
fat and from that of the nitrogenous constituents of the body (after 
deducting the carbon accompanying the nitrogen into the urine and 
faeces), that the former supplies the respiratory process with* 78*1 J of 
carbon, while the albuminates yield only about 46*l-g, it will bo readily 
seen that we may easily compute, from the amounts of carbonic acid 
and nitrogen which are excreted, Vhat are tha relative quantities of 
fat and of albuminates, togetKer with gelatigenous matter, which are 
daily submitted tp metamorphosis.. The relation between tjje quantities 
of excreted carbonic acid and the loss or waste of tissue, may therefore 
indicate what proportions of fat and albuminates are consumed duung 
inanition ; this is a subject, however, to which we shall presently have 
occasion to revert. 

The quantity of aqueous vapor which is daily exhaled decreases during 
inanition with tolerable slowness and regularity, but this decrease is 
somewhat more" rapid at the beginning and end of the experiment. 

In second series of experiments (the subject of which was a full 
grown male cat, into whose stomach a large quantity of water had been 
injected), the ratio of the absorbed oxygen to that which was exhaled 
with the carbonic acid was almost precisely the same as id the former 
casg, namely 100 : 75*3. There were 95'7 grammes of aqueous vapor 
exhaled for 100 parts of carbonic acid ; only 21*958 of excreted 
wa|^ was eliminated by the skin a|td lungs. 'lYhilst, however, in the 
first case, where no ingestion of water was allowed during inanition, 
-there were daily exhaled , on an average 21*641 grammes of carbonic 
acid for 1000 grammes’ weight of the animal, and 16*281 grammes of 
aqueous vapor ; while in the latter case, where water was freely given, 
16*30 grammes of carbonic acid and 15*60 grammes of aqueous vapor 
were yielded by 1000 grammes’ weight of the animal ; the loss was there- 
fore far less considerable when water was allowed tha» when both fluid 
and solid food wmre simultaneously withheld. 

The omission of even a single meal alters the relatiobs'of the respira- 
tion very considerably, as is clearly shown by Vierordt’s observations on 
the influence of digestion. This observer, who was accustomed to dine 
at half-past twelve, noted the following relations in his own person, which 
show that the principal meal exerts an influence in this ]*eBpe<^ which we 
could scarcely have anticipated. 

VOL. Ji. 29 
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Time of Day. 

1 

9 

1 

1 

Tolnma^ of 

Air. 

Carbonic add. 

Quantity of 
carbonic acid 

1 expiration. 

Expired in one minute. 

in 100TOl8.of 
expired air. 

Noon, 

63* 

10 

546*0 O.O. 

5460 O.O. 

270.22 e. c. 

4-69 

Two hours after*dlnner, 

78-8 

11-22 

#48 7 « 

6162 « 

807-36 “ 

4-74 

At 2 p. Mm when no din- 
ner had been taken, . . 

62*5 

t 

9'6 

#76-0 ‘‘ 

5479 “ 

8M18 “ 

— .1 

4-73 

DilTerenoe at 2 p. Mm de - 1 
pending upon whether 
dinner has or has not 
been taken, .... 

16-3 

1-72 

» 

les « 

683 

49-18 “ 

0-01 


We may see from this table that the individual respiratory functions 
constantly diminish in activity after the last meal (or in fasting), and that 
the ingestion of food very rapidly induces a very considerable increase 
in their intensity ; the volume of each inspiration is, however, diminished 
in the latter case, as we may readily comprehend from anatomico-mecha- 
nical relations. Vierordt Has, moreover, convinced himself that there is 
a similar augmentation in the excretion of carbonic acid whenever dinner 
is partaken of at a di^erent time of the day, and that this increase is 
both relatively and absolutely greater inf- the colder season of the year. 
This observation corresponds with thq result yielded by the experiments 
made by BarraP on his own person.^ in which he found that he excreted 
onorfifth more carbon through the lungs in winter than in summer. 

Scharling also found by his method of experiment that man exhales 
more carbonic acid under like conditions when he has eaten a full meal 
than when he is fasting. 

It has been proved by various experiments that the products of respi- 
ration must also be influenced by chemical nature of'ihe food. This 

might, indeed, have been conjectured from the experiments of ®ulong® 
and Dospretz,* on the differences in the respiration of herbivorous and 
carnivorous animals — results which have recently been confirmed. 
Dulong found that the ratio existing between the oxygen employed in 
the formation of carbonic acid and the oxygen which either remained in 
the blood or combined with the hydrogen, was altogether difiereift in 
herbivorous and in carnivorous animals, for whilst in the former there 
was only about l-lOth* more oxyge& absorbed than was contained in^fche 
expired carbonic %cid, as much as l-5th or even the half of'the absorbed 
oxygen, was employed in the latter for other purposes than that of 
forming carbonic acid. Lassaigne and Yvart thought they had con- 
vinced themselves that guinea-pigs absorb l-6th more oxygen after 
nitrogenous than after vegetable food. Letellier found that 1000 
grammes’ weightgof turtle-doves exhaled 186*5 grammes of carbonic acid 
in 24 hours when fed upon millet, 127*68 grammes after being fed for 
3 days on sugar, «nc^ only 111*84 grammes of. this gas after being fed- 
for 5 dajrs on butter. 

' The e]q>eriment8 of Begnault and Reiset afford us still fnrthet idsight 
' i&tp these relations ; for these observers found that a ^ger 

‘ £The rAaiHw being of more importance in this table than the vAluea, we hare 

not deemed it necesaary to rednoe the oubio centimetres to indhes.— O. h. n.J 

* Ann. deChim. etde Phys. 8 Ser. T. 26, p. 106. 

* Magendie’s Joum. de Pkysiolo^e, T. 8. 

* Ann. de Cbim. et de Phys. T. 27, p. 888. 
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quantity of oxygen was employed in the formation of carbonic acid 
when dogs had been fed on amylaceous substances than when the food 
had been of an animal nature ; in the latter case only 74*5 of every 100 
parts of the absorbed oxygen were found again in the carbonic acid, 
while in the former case OPS parte of the oxygen were employed in the 
formation of carbonic acid. Nitro^^en was also eliminated during a 
vegetable diet, although in far.les^’' qtiantity than daring an animal diet. 
It is worthy of notice, that a dog which had been fed on mutton suet 
neither exhaled nor absorbed nitrogen, aud that only 69*48 of the 
absorbed oxygen were employed in the formation of carbonic acid. A 
considerable absorption of nitrogen was observed in hens which had been 
fed on animal food after several days’ starvation, but when they had be- 
come habituated to this kind of food they began again to develops 
nitrogen as in the normal condition r it was also found by experiments 
on these birds that a far smaller quantity of the absorbed oxygen was 
found in the carbonic acid when they had been kept on animal food ; in 
two cases there were only 638 absorbed oxygen present in the 

carbonic acid which was exhaled. ,On comparing the different experi- 
ments made on dogs and rabbity, we find that, liflien considered in refe- 
rence to their dietetic categories, they agree perfectly with the results 
yielded by Duloftg’s observations “on the respiration of animals. It is 
also found that afttr an animal diet tlie interchange of gases in the lungs 
is very similar to that we observe dmlng fasting ; and this observation, 
which has also been made in reference to the .urine and the other excre- 
tions, seems to be explained by the fact that fasting animals to a certain 
degree live upon their own flesh. ■ 

Although our attention is at present most especially turned to direct 
obserViQ^ions, and although we shall* treat fully of the influence of diet 
upon the'^molecular movements in the animal body when we enter upon 
the subject of “ Nutrition,” the consideration of the question, how far 
the nature of the food partaken of influences the absorption of oxygen 
and the excretion of carbonic acid, can scarcely be deemed out of place 
in rtie present part of our work. In considering this subject, we have 
to take our stand upon a postulate, the inductive proof of which we defer 
for^the present ; we assume that all iSie carbon and hydrogen of the fats 
and carbo-hydrates derived from the food are entirely oxidized in the 
living body into carbonic acid and water. It must Tbe\)bvious to all who 
are acquainted with the composition of these substances, that very dif- 
ferent quantities of oxygen are. required for their perfect oxidation. 
The mean composition of the fats is about 78*180, 11*64H, and 10*130. 
The oxidation of the carbon (into carbonic acid) and of the hydrogen, 
which are contained in 100 grammes of fat, would inquire (208*86 -|- 
93:92 grammes) — 302*27 grammes of oxygen ; but ^s the fat already 
contains 10*13 per cent.*of oxygen, it would only require to i^bsoro 
292*14 grammes of oxygen to effect its entire combustion into carbonic acid 
and water.. . When we compare the composition of sugar witli that of fat, 
we see at the first glance that the carbo-hydrates require far less oxygen 
for their perfect oxidation than the fats ; in the carbo-hydrates there is 
no hydrogen to oxidize, since the oxygen which they alrea^ contain is 
sufiBcient for the oxidation of the hydrogen : hence the carbon 'is the only 
substance in them requiring oxidation, and this substance is moreover. 
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contained in far less quantity in the carbo-hydrates than in the fat for 
equal -weights. Certain organic acids, such as tartaric acid, citric acid, 
and malic acid, which, as is well kno-vm, occur in many articles of food, 
contain so large an amount of oxygen that it not only suffices for the 
oxidation of the hydrogen, but in part also fil that of the carbon also. 

In reference to nitrogenous substances, we cannot, however, grant the 
postulate that all the carbon and hydrog^ is consipned in the animal 
body, for we know that the greater part of the nitrogen in these sub- 
stances is not removed in free state as fmmonia, but in combination 
with carbon, hydrogen, and a little oxygen, by other means than through 
the lungs. Hence we are led to inquire whether, and to what extent, 
the nitrogenous nutrient substances yield materials for oxidation, and 
consequently how much carbonic acid and water they are able to furnish 
to the respiratory process. As we have already seen that the albumi- 
nates and collagen are capable of supporting respiration, we are induced, 
in explanation of their respiratory value, to adopt the provisional 
hypothesis that these substances are merely decomposed into carbonic 
acid, water, and urea in the animal body, although we know that there 
are formed other nitrogenous products of excretion besides urea. But 
since the quantity of urea which is produced preponderates very much, 
and since in .many organisms, as, for -Instance, in the carnivora, urea is 
almost solely formed, this hypothesis deserves some notice in our consi- 
dera-tion of the average value of the amount of oxygen employed in the 
oxidation of the albuminates and the collagen. We therefore abstract 
from the composition of the, albuminates and other nitrogenous nutrient 
substances an amount of ui^a equivalent to the quantity of nitrogen 
which they contain. If, for instance, we assume that th& composition of 
the albuminates without the sulphur and salts is 64"36gC, 7;272H, 
16'05§N, and 22*32gO, there will remain, after the abstractidh of the 
quantity of urea ( ~ 6’88C, 2*29H, and 9*180) equivalent to the 16*05 
parts of nitrogen from 100 parts of an albuminate, 47*48 parts of 
carbon, 4*98 of hydrogen, and 13*14 of oxygen. The following table 
will give a clearer representation of these relations : <. 
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4988 

11862 

" sugar (0„H„Ou), . 
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41*88 

6 66 
3*45 
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47*48 

4*08 
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46*10 

4*72 

18*66 

147*04 
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If we consider r^stions in their bearing on the development of 
heat, we sha^l be able to bonatruct a* table sucb as Hiebig long since sug- 
gested, whicb would indicate the different values of these substances in 
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supporting animal heat. Such a calculation may readily be made, if we 
take as the basis of our computations Dulong’s determinations, accord- 
ing to which 1 gramme of carbon developes 7170 units of heat in its 
combination with oxygen to form carbonic acid, while 1 gramme of 
hydrogen gives off 34,700 units of heat during the formation of water. 
Although it cannot be denied that In an equation of this kind a number 
of functions must ^be taken Mto accent which cannot be deduced from 
the chemical composition alone, it is, nevertheless, perfectly clear that 
this is the only point of riew from which a rational theory of animal 
heat can be formed. The present, however, is not the fftting place to 
enter more fully into this subject. If we limit ourselves to the process 
of respiration, we obtain, from the above tabular exposition of the dif- 
ferent amounts of oxygen required for the complete oxidation of these 
nutrient substances, certain numbers which may be regarded as retpira- 
tory equivalents. If, for instance, we assume that an organism in the 
full performance of its vital functions must absorb 100 grammes of 
oxygen within a definite time, the following quantities of the above-men- 
tioned substances woujd be necessary, in union with 100 grammes of 
oxygen, to satisfy the requirements of vitality :*namely 34*23 grammes 
of fat, 84*37 grammes of starch, 93*76 grammes of sugar, 120*80 
grammes of malic acid, 66*23 grahripies of albuminates, 73^7 grammes 
of collagen, or 68*01 grammes of (dry) muscular substance. No one 
who has followed our development of physiological chemistry can fbr a 
moment suppose that any one individual substance taken from this series 
can of itself serve the purposes of vitality, provided even it reached the 
organism in the equivalent quantity ; and in the following section our 
attention will be especially directed to the inquiry of the proportion in 
which' several of these substances re*quire to be mixed in order to render 
them capable of supporting the vital functions. These numbers must, 
therefore, remain merely as proportional estimates of their relative 
values in respect to the functions depending upon the interchange of 
gases in the lungs. 

4*^8 table suggests another consideration, which may throw some light 
upon the difference in the relations between the quantity of oxygen, 
which is absorbed and that which is%xhaled in thSform of carbonic acid, 
after vegetable SiPd animal food respectively, in as far at least as those 
relations have been made known to us by the experimehts of the inquirers 
already referred to. If, for instance, we assume that the interchange of 
gases in the lungs is for a time merely the result of the combustion of a 
single one of the above-named substances, we should find, whenever pure 
fat was subjected to oxidation, that for every 100 parts of absorbed oxygen 
71*32 parts are contained in the carbonic acid expired during the inter- 
change of gases in the lungs, while in the case of starch O'^d all the other 
carbo-hydrates 100 parts are found in the exhaled carbonic acid, in malic 
acid 110*63 parts, and in the muscular substance 83*60 parts. Whan 
we compare these numbers with the results obtained by Kegnanlt and 
Reiset, Bidder and Schmidt, and other investigators, we discover the 
reason why, after vegetable food, a larger j^rcentage of the absorbed 
oxygen is found in the expired carbonic amd than in the case of the 
carnivora, for the food of the latter class of animals has relatively more 
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hydrogen to be consumed than the food of the herbivora, and on this 
account we observe that the proportion exhibited in fasting animals, 
which to a certain extent may be said to live upon their own flesh, is very 
nearly the same as that noticed after the use of an animal diet. 

The above remarks on the influence ef .the diet generally, show, how- 
ever, that the quantity, as well as the quality of the food, exerts a very 
considerable influence on the amount of thq mterchange of gases occurring 
in the lungs. There must, however, be a certain limit for every organism, 
beyond which the absorption of oxygen an^Lthe excretion of carbonic acid 
cannot pass. We have already seen (pp. 868-384) that the absorption 
of nutrient mattqr from the intestinal canal can only be carried to a 
certain extent, and we have further convinced ourselves that notwith- 
standing this limitation of resorption, a far larger quantity of nutrient 
matters may enter into the mass of the fluids than is necessary for the 
maintenance of the vital functions ; while we finally observe that this 
excess of absorbed food, when it consist of nitrogenous matters, is very 
rapidly decomposed in the blood, and that under these conditions large 
quantities of urea, far exceeding the normal mean,, are excreted. But as 
we have already shown*'that only a fractional part of the albuminates is 
eliminated with the urine, while another portion is separated through the 
lungs, as water and carbonic acid, thefe can be no doubt that the pulmo- 
nary exhalation, as well as the other excretions, fe correspondingly 
undented after an excessive use of nutrient substances. All the experi- 
ments which have hitherto been made in reference td* the excretion of 
carbonic acid in animals that have either been highly fed, or have been 
artificially fattened, confirmed the above proposition. As we purpose 
reverting at a future page to this subject, we will only adduce a couple 
of experiments made by C. Schmidt’ on one and the same cat. When 
this animal was taking 142*41 grammes of fiesh in the 24 hours (a 
quantity which was shown by numerous experiments to be sufficient to 
maintain the full strength and ordinary weight of the animal), it absorbed 
60'14 grammes of oxygen, and exhaled 66*60 grammes of carbonic acid, 
together with 30*88 grammes of water ; whilst during the consumption 
of 247*32 grammes of flesh it absorbed 1'03*84 grammes of oxygen, and 
expired 113*52 grammes of carbonic acid and 47*86 grammes of water. 
Begnault and Keiset’s experiments also exhibit simil^ results in the 
case of the herbivOra, for we there meet with several cases in which, the 
excess of the absorbed ‘carbo-hydrates may be distinctly recognized by 
the proportion existing between the absorbed oxygen and that which is 
excreted with the carbonic acid, this being in many cases as 100 ; 95j or 
even as 100 ; 99*7, consequently nearly*, the ratio (namely , as 100 ;■ 100) 
which accords with the requirements of theory after the use of pure 
Bunr or starch. , 

The above oureumstance leads ns to a point, which although i^ will be 
, considered 'with aU the attention which it deserves, under . the -head. of 
^‘‘Nutrition," must not he suffered to pass without soma notice in the 
present place. If, for instance, we consider the ratio of the/absorbed 
oxygen to the oxygen which is again s(^arated (with the joarbonio acid), 
we perceive that it essentaally depends upon the quali^ <^-the food ; but 
yet after the abundant use of carbo-hydrate the ratio calculated from 

• Op. cit. 
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the above considerations, v^ill never correspond with that which is found 
by direct experiment : thus, for instance, if we feed an animal on pure 
starch, w© sha,!! never obtain the required ratio of 100 : 100, that is to 
say, the whole of the oxygen absorbed will never be contained in the 
expired carbonic acid, because a fraction of it will be expended in the 
fomation of water, for the simple reason that this ratio does not depend 
solely upon the food', hut is modified by the combustion of the nitrogenous 
organic parts which are destroyed during vital activity. During life 
those nitrogenous substrata adiich have been subservient to the functions 
of the organism, are continually becoming efiete and unfitted for further 
use, and finally reduced to a state of oxidation, for tlip purpose of being 
eliminated ; these bodies consume a portion of the oxygen in the oxida- 
tion of their hydrogen, and, consequently, this portion of the absorbed 
oxygen is not exhaled as carbonic acid, and the ratio of the absorbed 
oxygen to the exhaled carbonic acid differs, therefore, &om ^hat which 
we might assume from the composition of the carbo-hydrate. We have 
thus merely to inquire how much nitrogenous matter is destroyed during 
the normal course of the vital movements, and what fraction of the 
absorbed oxygen is consumed Jby it. To find the amount of this coeffi- 
cient for every organism, constitutes a problem in the physiology of 
nutrition. We* should, therefore, ^acquaint ourselves with the typical 
consumption of tBe organic constituents in order to find the proportion 
which essentially expresses the respiratory process, or this respirfCtory 
function. If, hdwever, we knew the typical. amount of the daily loss of 
.tissue, we might very readily calculate from the quantity of the consumed 
starch, the relation existing between absorbed and exhaled oxygen. The 
loss of tissue, consisting of albuminates and collagen yields, as’we find 
from experiments on inanition, the /atio of 100 : 88*6 ; if now we express 
the maj^nitude of the typical consumption of nitrogenous matter by e, 
and the quantity of the consumed starch by a, the proportional number 
for the excretion of carbonic acid might very easily be deduced from the 
formula The experiments made on fasting animals warrant the 

cAiclnsion, that the nitrogenous matters alone in their typical amount c 
do ndt suffice for the requirenfents of the vital functions, but that at the 
same time a certain amount of non^nitrogenous (natter (distinct for each 
organism) musta be subjected to oxidation ; when, therefore, the carbo- 
hydrates are entirely wanting and the albuminates al-e only sufficient for 
the restoribtion of the tissues, the fat is expended in the accomplishment 
of this ol^ect ; hence its quantity — ^the minimum of the necessary non- 
nitrogenous combustible materials — may easily be calculated, if we know 
the typical amount of nitrogenous materials undergoing metamorphosis, 
and ^e p^pcrtion which exists during a state of inanition between the 
absorbed oxygen and the oxygen which is excreted (in combination' with 
earhdn). ^rom the above observations we learn, that the proportional 
number (fbr the oxygen in the oarbonio acid) after the use of pure fat, 
is 71*82 lif now tre designate the typical expenditure^^ albuminOtes as 
e, and the propertiondl ntmiber in a state of inanition bwfitrand to be 
75*0, -we' aocordmg to the shnplified formula the 

quBoifity of fist trlnth is conshmed together with e alhunoanates. 

We will not extend these remarks, since no further proof is necessary 
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to bIiow how extensively the observations already made on the relation 
of nutrition to the process of the excretion of carbonic acid may be ap- 
plied to many other momenta of the process of respiration. We, at all 
events, obtain some fixed point of support for numerous investigations on 
the metamorphosis of matter generally. 

Although in our considerations of the influence exerted by ordiniCry 
food upon the respiration, we have deduced the results of the observations 
in question from purely chemical relations, we should greatly err were 
we to adopt the same method in refereno^ti» certain substances, which 
are occasionally introduced with the food'lntn’ the organism, such, for 
instance, as the ethereal oils, alcohol, theine, &c. We do not mean that 
these substances constitute any exception to this fixed law of nature, but 
the immediate effect which they produce reminds us that there are nerves 
in the animal organism which exert *the most important influence on all 
its functions, on nutrition as well as on respiration, and that, conse- 
quently, they in some degree disturb that uniWm course of phenomena 
which we might suppose would result from chemical laws. We cannot, 
therefore, believe that alcohol, theine. &c., which produce such powerful 
reactions on the nervous^^system, belong to the class of substances which 
are capable of contributing towards the maintenance of the vital functions. 
We see this, for instance, in the case of alcohol, which when taken with 
the food diminishes the pulmonary exhalation instead 'Of augmenting it. 

Vlerordt, like Prout, found that the excretion of carbonic acid is both 
absolutely and relatively diminished even after a moderate use of «p*W- 
tuoua drinks. He has also confirmed Prout’s observation, that the. 
increased excretion of carbonic acid which accompanies digestion was 
considerably checked by the use of spirits. Strong tea exerts, according 
to Prout, precisely the same result on* the respiration as spirituous drinks. 

Sleep occasions a very considerable diminution in the excretion of car- 
bonic acid, as wo learn chiefly from the experiments of Scharling; thus, 
for instance, a man who during the day immediately after dinner expired 
33'69 grammes, exhaled only 22*77 grammes in one hour during the 
night ; in the case of another man, the ratio of the carbonic acid eOc- 
haled during sleep in one hour in the nijfht to that eliminated in one 
hour in the day after "dinner, was €1*39:40*74. In experiments on 
wood-pigeons, I found* that 6*156 grammes of carbonic acid were on an 
average exhaled dtCring one hour in the morning by 1000 gramiqes’ 
weight of birds, whilst the same birds expired only 4*950 grammes hourly 
in the night. 

Regnault and Beiset have made observations on the relations of respi- 
ration during the hibernation of marmots, which exhibit an enormous 
difference, compardfi with the waking state of these animals ; thus, for 
instance, 1000 grapmes* weight of marmots absorb in their sleeping 
state from 0*040 to 0*048 of a gramme of oxygen hourly, whilst in their 
"waking state they consume from 0*774 to 1*198 grammes. In the 
deeping animals ipnly 56*7£ of the absorbed oxy^n pass into the car- 
bonic acid, whilst in the wahing state the quan^y amounts to about 
732. In two of the three experiments, these observers found that the 
marmots in their hibernating state exhibited a considerable absorption 

> JaiireBber. der ges. Medicin. 1844, 8. 39. 
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of nitrogen, •whilst they exhaled nitrogen like other animals when in their 
wakeful state. As a large part of the absorbed oxygen remains in the 
body of the sleeping animals (since only a small quantity is expended in the 
formation of carbonic acid, and the water which is formed does not evapo- 
rate, owing to the low temperature of th« animal), and nitrogen is absorbed, 
we have an explanation of the fact first observed by Sacc, that the weight 
of the body is generally, although not constantly, increased during the 
hibernation of marmots. 

These inquirers arrived at'|||milar results in reference to the influence 
of hibernation, or the sleep induced by exposure to cold, in their expe- 
riments on lizards. ' 

It may readily be seen, from the ratio of the oxygefi contained in the- 
expired carbonic acid to the inspired oxygen, that only a very small 
quantity of fat can undergo oxidation in the body of the hibernating 
marmot (while the nitrogenous substances are still less implicated in the 
process), for the substance consumed must Jie far richer in hydrogen ; 
the carbon being to the hydrogen as 21’26 : 5"41, or, according to the 
atomic weights, very nearly as 2 : (This substance would therefore 

exhibit a composition not very often met witli» in organic chemistry, 
namely, -j- x H 0.) If, with this abundance of hydrogen, ammo- 
nia or any amlhoniacal alkaloid ‘should be formed, we ii^cd scarcely 
wonder at the great absorption of nitrogen which Reiset and Regnault 
observed. At the same time we must beware of drawing too wide a eon- 
clusion ; for besides the hypothesis already advanced, it would be con- 
ceivable, and perhaps more probable, that the oxygen absorbed by these 
animals during their hibernation combines with only the one part of the 
hydrogen in one constituent of the body, and thus generates relatively 
even more water than carbonic acid ; thus the atomic aggregate Ojll^ 
would be abstracted from such a substance by the inspired oxygen, and 
the substance itself would not therefore be perfectly oxidized. 

Regnault and Reiset found that marmots, when they awake from their 
hibernation, exhale an extremely large quantity of carbonic acid, and 
coiKume more oxygen than at a subsequent period of their waking state 
— ^an observation which corresponds with the fact noticed both by Prout 
and Yierordt in their experiments en man, that* the act of waking was 
followed by a very abundant excretion of carbonic acid, which again 
diminishes in haff an hour or an hour. 

Bodily exercise increases the exhalation of carbonic acid in the same 
manner as we have shown that a state of rest diminishes it — a fact which 
might have been inferred from the above relations of the respiratory 
movements, but which is also proved by direct observation. Seguin,* 
one of our earliest observers, found that he consumed far more oxygen 
during violent bodily exercise than during a state of rest. Prout found 
that at the commencement of moderate exercisd th*ere was a relative 
excess of carbonic acid in the expired air, but during prolonged violent 
exercise there •was less of this gas than in a state of resji. Yierordt con- 
vinced himself that the< absolute as well as the relative quantity of car- 
bonic acid was increased after mqderate exercise, and this result is in 
perfect conformity wiUi the experiments of Scharling. H. Hoffman* 

' Op. cit. p. 857. * Ann. d. Cb. u. Pbana. Bd. 45, S. 242. 
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found that the sum of the products of perspiration of the skin and lungs 
was much more considerable after prolonged moticm than after prolonged 
rest. Every one who has instituted experiments on the respiration of 
animals must he aware that they expire far more carbonic acid when 
they arc lively and active than dtring a state of repose. 

Scharling’s observations do not entifely exclude the supposition that 
mental exertion may induce an augmentea excretion of carbonic acid. 

The experiments instituted on man and animals, with the view of 
ascertaining whether age exerts any infit^hce on the respiration, prove 
that considerable weight should be attached to this relation. Andral and 
Gavarret, who made tolerably complete ^ observations on the absolute 
quantity of exhaled carbonic acid, found that the quantity daily expired 
increases, on an average, to the 40th or 46th year, agreeing mainly with 
the development of the muscular system. In Scharling’s experiments, 
the two children experimented upon (one a boy aged Of- years, and the 
other a ^irl of the age of ip years) expired almost double the amount of 
carbonic acid exhaled by adults, if we calculate the excretion of carbonic 
acid for an equal bodily weight ; bu( where the latter is not considered, 
we find that Soharling’t results agree perfectly with those of Andral and 
Gavarret. The observations made by Regnault and Reiset on animals 
are also in apeordance with these experiments on man,"for it was shown 
that in animals of the same species,' for equal weights-, more oxygen was 
consumed by young than by adult animals. 

"With regard to the influence of sex on respiration, it appears, from 
the experiments of Scharling as well as from those of Andral and 
Gavarret, that males expire more carbonic acid than females — % rela- 
tion which obtains even in childhood, for boys eliminate more carbonic 
acid than girls. 

As Scharling’s observations must, for the present, to a certain extent, 
bo regarded as affording the normal numbers for the excretion of car- 
bonic acid in man, we subjoin his average relations for one hour ; 



Amount of carbonic 
Carbonic add acid expired in one 

expired in one hour, liour |br eacli 1000 
grammes’ weight. 

Grammes. 

Grammes. 

88-580 

^ 0*5119 

84-280 

0-6887 

86-628 

0-4466 

25*842 

0*4546 

20*888 

0*9246 

19*162 

0-8881 



1# 

According to Andral and Gavarret, an adult man exhales on an 
average from 38'5<to 40*3 grammes of carbonic acid in an hour-; aa adult 
female, when not pregnant, from 22*0 to 23*8 grammes ; during preg- 
nancy, 29*3 grammes; and after the cessation of. menstraatio%,from 
to 31*2 grammes.' Although Scharling include thp prod^c^ per- 
spiration with those of respiration, while Andral and ^vs^et included 
only 't)he latter^ ^eir . .numbers are yet higher than thdim of Scharling. 
It will be readily Seen, from the preliminary remarks which w’e made on 
this subject, that the higher numbers obtained by Andral and Gavarret 
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are solely to be referred to the circumstance that in their experiments 
the respiration was less natural, or at all events more frequent, than in 
those of Scharling, who, by the use of a commodious apparatus was en- 
abled to observe a more normal state of the respiration. 

Although there can be no doubt that the bodily comtitudion influences 
the intensity of th^ respiration; we have no direct observations in proof 
of this fact, unless indeed we include under that head the fact noticed 
by Begnault and Reiset, that lean animals consume more oxygen and 
exhale more carbonic acid ttuw very fat ones — a result which can readily 
be brought into harmony wi^ the observation made by Schmidt and 
Bidder, that fat animals excrete far less bile than lean ones. 

We now proceed to consider the differences which hfive been observed 
in the respiration of different claasea of animala ; for as the greater 
number of the experiments made on- the respiratory functions have been 
instituted on animals, it is from them that we must derive our most valu- 
able results, more especially from the experiments of Regnault a&d Reiset, 
who surpass all other observers in the value and importance of their re- 
sults. When we consider, in reference to the mammalia^ what influence 
the different food on which they live may have upon the quantitative re- 
lations of the interchange of gases in the lungs, we find, on referring to 
the remarks already made in relation to this subject, that t\;e differences 
which have been ebserved in the re*spiratory relations of the herbivora 
and carnivora, do not depend upon any difference in their organization, 
but are almost wholly referable to the influence of the food upon which 
they subsist. For in the same manner as we observe that the urine of 
the carnivora, when fed upon vegetables, is similar to, if not identical 
with, that of the herbivora, and that the urine of herbivorous animals 
living on animal substances is analogous to that of the carnivora, we also 
find thist^ carnivorous animals, which live principally on amylaceous 
matters, exhibit the same respiratory, relations as the herbivora, and 
conversely. This fact has been proved beyond a doubt by the careful 
investigations of Regnault and Reiset, and more recently by Bidder and 
Sehfnid^t. We subjoin a tabic of these relations as they are given by 
Regnault and Reiset. We have introduced it here, merely by way of 
furnishing a general retrospect of the whole : • 


Sp«oies 
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of absorbad oxygen, 
which are given off to 
the carbonic 
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Oxygen. 

Euiialed 
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Meat, 
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74*6 
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lill 
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0*0078 
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91*9 

0888 

, Idle 

0-0088 


'The absolute quanti^ of absorbed oxygen and«^aled carbonic add is, 
however, somewhat fluctuating, which partially explains ‘the great dis- 
crepancy observable between these results and the nutnbers obtai&dd by 
other observers in their experiments on rabbits and do^. On instituting 
a comparison between the numbers obtained by different investigators, we 
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find that the results coincide in this respect, that the carnivora, -when 
kept upon their ordinary food, exhale more carbonic acid and nitrogen in 
proportion to their weight than the herbivora when living upon their or- 
dinary food. 

It has long been supposed that the respiration of hirdi was far more 
active than that of mammals, but this is by no mean* an invariable law, 
and may very probably depend upon the mode of life of the animals ; 
since hens, for instance, which seldom fly, consume very little more oxygen 
than rabbits, and not even so much as dogs i while the ratio of the absorbed 
oxygen to the oxygen reappearing in the carbonic acid is very nearly the 
same in hens which have been fed upon oats as inrabbits. Very different 
respiratory relations exist in those more active birds which sing much, 
are constantly flying about, and seldom at rest except during ^sleep. 
Birds of this kind consume more than ten times the amount of oxygen 
absorbed by proportionally more inactive birds, such as hens, whilst they 
also exhdle nearly ten tinv^s more carbonic acid. The experiments of 
Regnault and Reiset also exhibit a great difference in this respect, that 
in the more active birds far less oxygen (only three-fourths) is employed 
in the formation of carbonic acid ; but this ratio may, how.ever, probably 
be dependent upon the fact that in the experiments in question the birds 
were fasting,I>cing alarmed and off theiP feed. Regnault and Reiset, more- 
over, refer the great absorption of' oxygen and exhalation of carbonic 
acid to the smallness of these animals, and connect it with the greater neces- 
sity for heat in the smaller animals. Although^ I was long since led by 
my own experiments to express the view, that the excretion of carbonic 
acid in birds stood in an inverse ratio to their size, it appears to me that 
the necessity for heat may afford the most available ground on which to 
explain this fact. The cause must tmdoubtedly be sought in the greater 
activity, and in the consequently more rapid metamorphoses in, the more 
active birds, although it is unfortunately only the smaller varieties which 
can be employed for such experiments. If we were able to investigate 
the respiratory equivalents of vultures and other large birds of prey, which 
continue for p, long time on the wing, and if we could examine th^m 
under their natural relations, we should ifiost certainly find them tnuch 
greater than in the casosof hens, ducks, geese, &c. Nature may, however, 
have endowed smaller birds with greater energy and a jnore rapid meta- 
morphosis, in order to enable them to maintain the same temperature of 
bo^ as larg^ birds. 

The smaller birds whose respiratory equivalents we have givetfin the 
following table from the mean results of Regnault and Reiset, were green- 
finches, cross-bills, and sparrows. 
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< * 
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there pauB into 
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Oxygen. 

Exlmled 
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80-7 
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1*063 
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Small birds. 

Sparingly 

75*8 

11-478 

11-879 

0-i296 


> Jabresber. der ges. Med. 1843 a. 1844, S. 39. 
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The eggs of birds also, maintain a process of respiration, even in the 
unincubated state; fresh eggs, pn exposure to the air, continuously 
exhale carbonic acid and aqueous vapor, and hence they lose consider- 
ably in weight when kept for some length of time. But they also absorb 
oxygen, as is more especially shown by the circumstance that the air 
enclosed in the air-space contains more oxygen than atmospheric air, 
according to BischcJBT* from 0'22 to 0*245^, and according to Bulk* from 
0‘25 to 0'278 (by volume^ ; but tMs has been denied by Baudrimont and 
Martin St. Ange. The jwocess of respiration becomes more active after 
incubation, as is obvious from'the circumstance that the development of 
the embryo is very soon arrested and that death ensues in hydrogen or 
carbonic acid gas, as is shown by the experiments of Viborg, Schwann,® 
and Martin St. Ange. The greater part of the oxygen in the air-space 
disappears during incubation, and the air is then frequently found to 
contain about 6g of carbonic acid. The more recent experiments of 
Baudrimont and Martin St. Ange^ have shown, in reference to Abe inter- 
change of gases during the incubation of hehs’ eggs, that in proportion 
as the embryo becomes more fully developed, a larger amount of oxygen 
is absorbed from the atmosphere anfl more carboqic acid given back to it. 
Here also the quantity of oxygSn contained in the carbonic acid falls far 
short of the abs«*rbed oxygen. The experiments of Valenciennes have, 
proved that here too the respiration is accompanied by a liberation of 
heat. The following table gives the results of the experiments, instituted 
by two of the observers already referred to, on eggs ; but here the total 
loss of weight in the eggs, owing to the chloride of calcium in the appa- 
ratus, no doubt greatly exceeds the normal quantity. 


In 1,000 grammes’ weight of eggs. 

P/om the 9th to the 12th daj 
of iucubatioo. 

From the 16th to the 
19th day of incubation. 

The loss of weight amounted to . . 

The absorbed oxygen, 

Tl\e exhaled oarbonio acid, . . . 

Vhe exhaled water, 

The ratio of absorbed 0 to the 0 in 

26 '26 grammes. 

6-74 

4'38 « 

2-88 

100 : 64'9 

41-72 grammes. 
10'70 

11-92 

3*66 “ 

loo : 81-0 


Spallanzani also found that even ^he egg-shells alone absorbed a little 
oxygen and exhaled carbonic acid — -a circumstance, Ijowever, which pre- 
sents a much closer analogy with the decomposition of other substances, 
such as fibrin, &c., than with the respiration. 

In considering the respiration of the amphibia^ we shall merely refer 
to the experiments of Regnault and Beiset (notwithstanding the admi- 
rable observations of Marchand, which we have frecmently noticed), as 
their results could alone furnish us with numbers admitting of compa- 
rison with the above tables, in as far as they have been obtained by one 
and the same method. In all maim points, however, these observers 
perfectly aguee with one another. 

* Sohw^gger’s Joprn. N. B. Bd. 9, S. 446. * Ibid. 1880, p. 868. 

* De necessitate aeris atmosph. Sd eTolut. polli in ovo. BeroUni, 1884. 

* Gompt. rend. T. 17, p. 1848. 
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Animals. 

The percentage of oxygen 
entering into the oarbonio 
acid. 

Oxyijgeii 

consumed. 

Carbonic acid 
exhaled. 

Nitrogen 

exhaled. 

By 1,000 grammes* weight of the animal in one 
hour. 


Per cent. 

Grammes. 


Grammes. 


Grammes. 

Frogs, . .] 

760 



0*0830 


0-0005 

Salamanders, 

82*4 



00960 


— 

Lizards, . . 

752 

0-1W6 


0-1976 


0-0026 


We find, even amongst the amphibia, that the more active creatures 
exhibit greater rapidity in the metamorphosis of matter, and therefore 
consume more oxygen and exhale more carbonic acid and nitrogen, than 
the more sluggish animals, in which there is a less active metamorphosis 
of matten. This relation is very strikingly shown, in the above table, 
between lizards and frogs'i This requirement of the amount of the 
respiration is further confirmed by certain experiments made on lizards ; 
in the first experiment,, the animals were perfectly rigid, in the second 
they were not entirely rigid, and in the *third, the results of which are 
given in the table, they were fully awake and lively. *The half torpid 
animals consume about three times, and the perfectly wakeful animals 
nine times the amount of oxygen required by those which were in a per- 
fectly rigid state. The same relation exists in respect to the absolute 
quantity of the excreted nitrogen, although we very frequently meet 
with the opposite condition in these animals, namely, with absorption of 
nitrogen, as was several times noticed in frogs by Regnault and Reiset. 

We now proceed to investigate tiie products of respiration of those 
animals which do not respire through lungs, namely, insects and fishes. 
Although the former of these absorb atmospheric air directly, the mecha- 
nism of inspiration and expiration is not the same as in lung-breathing 
animals. Their pneumatic apparatus consists of extremely elastic 
ramifying tubes, intersected by vessels of communication designed for 
the uniform distribution of the air. The expiration in insects is effected 
by muscular action onjy, while the^act of inspyation is accomplished 
solely through the elasticity of the ^racheal walls, which not only con- 
sist of chitin, but a^e surrounded by a spiral thread of that substance for 
the purpose of increasing their elasticity. The air in the trachese is 
brought into free and direct contact with the external atmosphere by 
means of the so-called stigmata, in which there is hot often any appear- 
ance of muscularity. By every motion of the insect the universally dis- 
tributed trachese are compressed, and a portion of the air Hrhich' they 
contain is thus expelled; when the muscular contraction ceaijies, the 
trachese, in consequence of their extreme elasticity, resume their former 
^volume, and fresh air again enters through the open stigmata into the 
spaces containing rarefied air. Inlects are also pKOvideavrith a special 
muscular appUratiu for expiration, but this is limited to the abdominal 
rings, and exhibits in beetles^ only 15 or 25 e^trhctidhB 1h d^^ifrute, 
coitesponding pretty neatrly with those of the vessel. '" Itlie vClun- 

tary and irregular motions undoubtedly exert the most important in- 
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fluence on the expiration of the air in insects, and hence we find that 
the various degrees of animation in the motions of insects produce the 
most extraordinary differences in respect to the quantity of carbonic acid 
which they excrete, and the degree of animal heat which they exhibit. 
On this account pupse expire only l-190th or l-160th part of the car- 
bonic acid which is exhaled 'by a caterpillar of qqual weight; but yet, 
according to RegnLult and ReiS'et, the consumption of oxygen by the 
larva of the silkworm is only about l-20th less than that by the cater- 
pillar. 

Regnault and Reiset, as well as myself, have experimented on the 
respiration of insects, as had been previously done by Spallanzani, Saissy, 
and Treviranus. 

Reiset and Regnault employed cockchafers and the caterpillars of the 
silkworui when near the time of spinning, for their experiments on the 
respiration of insects. Their results were as follows : 



The percentEfife of 

• 

Resorbed oxygen. 

Exhaled carbonic 
add. 

Atdmals. 

oxygen entering Into th% car- 
bonic acid. 

• 

For l.OOa grammer* weight of the 
animals in one hour. 

Cockchafera^ • 

80-8 

10196 

t-1872 j 

Silkwormsi . . 

78-2* 

0-8990 

0-9600 

j 


In my own experiments on the excretion of carbonic qcid in insects, 
I obtained^ the following results for 1000 grammes’ weight of the animals 
for one hour ; 


Cookohafere (6 experiments) 

sCsterpillara of Fhal. Bomb. Neustria (8 ex- 

penments), . . . . 

Caterpillars of Phal. Bomb. Dispar (7 experi- 
ments), 

Ckterplllarti of Pap. Nymph. Urtlcm (2 ex- 
periments), . 


Mehn. 

Minimum. 

Maximum. 

0-729 i 

0-C60 

0-882 

0-896 

0-608 

1-188 

1-077 ' 

► 0836 

1*803 

0 0070 

OJ0O69 

0*0071 


The respiration of animals breathing through gilU^ as fishes, crusta- 
ceans, &c„, ^ers from that of creatures breathing through lunea or 
traohe0, h^tsmuch as already dissolved oxygen is conveyed to the blood 
or the nutrient fluid, from which the dissolved oaroonic acid, most, be 
remove^, ^he mechanism by which the pxygenpted water is propelled 
to the ^lls, an4 t^t which is loaded with carbonic acid is again removed* 
is so cbmpliciitQd,! t^t mere indications of its character, would , carry, us 
beyond our Mmits. ^ere have unfortunately been but feyt ermernnents 
institji^, w;ith ; |^Il*tecatldng animals since Humboldt, ii^d rxoven^al 
prpseout^ &mr.experimeiatB on the respiration of Jiahes. , find from 

’ Op« cit. p. 42* 
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these observations, which -yv'ere most admirable for the time at which 
they were undertaken, that also in this form of respiration the oxygen 
which is absorbed exceeds that which is exhaled in the form of carbonic 
ac?d, the latter amounting in these experiments to scarcely four-fifths of 
the absorbed oxygen, and frequently to only half the quantity. These ex- 
periments yield, however, this remarkable result, that fishes constantly 
absorb very large quantities of nitrogen : and they show that fishes, 
like other animals, transpire copiously through the skin. These animals, 
moreover, are capable of breathing itf atmospheric air as long as their 
gills are moist, the products of respiration presenting under these cir- 
cumstances the same relations to the absorbed oxygen as in water, which 
is an obvious proof that respiration in water-breathing animals follows 
the same laws as those which control atmospheric respiration. Baumert^ 
has recently, by the aid of an ingenious apparatus, made several interest- 
ing experiments on the respiration of the tench {cyprinus tinea), the 
gold-fish ipyprinuB aureus), and the pond- loach {cohitis fossilis). It was 
shown by these experimeilts, in the first place, that 1000 grammes’ 
weight of tench inspired on an average 0’0143 of a gramme of oxygen in 
one hour, and exhaled,J)'0138 of a gramme of carbonic acid ; while, on 
the other hand, »».j;‘ti;'eight of the* more lively gold-fish absorbed 

0*0409 of a gramme of oxygen, and eliminated 0*041(1 of a gramme of 
carbonic acid in the same period of time. The ratip of the volume of 
absorbed oxygen to that of exhaled carbonic acid was very nearly as 
10 : 7 ; for every 100 grammes of absorbed oxygen 72*3 grammes are 
again expired with the carbonic acid. In reference to the nitrogen, 
Baumert found sometimes a slight absorption, and- sometimes a slight ex- 
halation. In experiments with the pond-loach, results were obtained 
differing in several respects from those which we have been describing ; 
thus, for instance, this fish, like some others, exhibits a special intestinal 
respiration, for it absorbs air through the mouth as well as by the gills, 
swallowing it on the surface of the water, and thus conveying it to the 
stomach. Baumert analyzed the air which was again eliminated through 
the intestinal canal, and found that it contained much less oxygen t^n 
the air which the fish had swallowed ; tbe oxygen had, however, been 
replaced by much less carbonic qcid than we usually meet with in 
bronchial or pulmonary respiration. The oxygen which is absorbed by 
the intestine passe^ therefore, into the mass of the blood, and, the car- 
bonic acid tO; w.hicn it gives rise is not eliminated' by the intestine, but 
through the gills ; hence we also find, from Baumert’s experiments, that 
in the branchial respiration of these animals there is a far greater exha- 
lation of carbonic add in proportion to the inspired oxygen, than in the 
previously named ^pshes. Special observations further showed that the 
pond-loach very seldom employs the intestinal Vespiration in fresh water, 
which contains a nch^f' supply of oxygen, altUbugh in water which is 
poor in this gas, it very frequently comes to the surface in order to 
swallow air ; yet these animals do not appear capable of supporting life 
by only one of these functimis ; they sicken when respiring through the 
^lls only, almost as quickly as when they are limited to intestinal respi- 
ration. l^e experiments which were made upon, pond-loflches by the 

^ Chem. Untersuch. iiber d. Respiration des SchlamiopeUgers, Heidelberg, 1852. 
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same method employed with the tench and gold-fish yielded the follow- 
ing results : 1000 grammes of pond-loaches inspired on an average 
0‘0316 of a gramme of oxygen, and exhaled 0*0648 of a gramme of car- 
bonic acid in the hour ; these animals, therefore, gave off more oxygen 
in the form of carbonic acid than they had absorbed through the gills ; 
since for 100 parts of oxygen absorbed through the gills, 124*9 grammes 
were eliminated wilh the carbonic acid. This result fully agrees with 
the comparative analyses made by.Baumert of the air which was swal- 
lowed, and that Avhich was aMm* excreted through the intestine; for 
whilst the air in the intestine showed a diminution of the oxygen amount- 
ing to 8 or 11 }{ by volume, the carbonic acid had only increased about 
2j, at most. Baumert’s analyses have further shown the probability that 
pond-loaches always absorb a certain quantity of nitrogen during respi- 
ration. 

Of those animals which possess no special organs of respiration, but 
accomplish their necessary interchange of gases by the skin •only, the 
earthworm is the only one which has been made the subject of experi- 
mental investigation, and the only experiments of the kind, which we 
possess, ■were made by Regnault'and Beiset. , They prove that the 
respiration of these animals is Very similar to that of frogs, which also 
respire vigorously through the skip. The consumption of oxygen, and 
the ratio of the o:i^gen contained in the carbonic acid, ar*e nearly the 
same as in the latter animals : 1000 grammes’ wefght of worms absorbed 
in one hour 0*1013 of a gramme of oxygen, and exhaled 0*0982 of a 
gramme of carbonic acid ; the ratio of the absorbed oxygen to that in 
the carbonic acid is as 100 : 77*5. 

As in all these experiments on animals, the cutaneous perspiration 
has been investigated at the same tune with the pulmonary exhalation, 
it might be supposed that no very exact result could be obtained for the 
latter, but the above numerical values are correct enough for the higher 
animals, as mammals and birds ; for the inexactness is here so slight, 
that it generally falls short of the fluctuations in the erroiB of observa- 
tiim and other irremediable or incalculable conditions. In the case of 
rabbits, dogs, and hens, Begnault and Reiset have, indeed, adopted two 
methods for the more accurate dq^ermination of that portion of the 
gaseous excretion of the animal body which escapes through the skin ; in 
both cases the*animals were inserted in an air-tight bag, and their 
mouths alone were allowed to come in contact with we atmosphere ; in 
one case the air within the bag was changed ; in the other it was left 
undisturbed. In the first mode of experiment hens yielded only from 
0*0047 to 0*18 of the carbonic acid resulting from the whole perspiration, 
rabbits only from 0*0102 to 0*0173, and dogs from *0*0035 to 0*0041. 
The second method also showed that the influence*^ of cutaneous perspi- 
ration and. intestinal exhalation is very unimportant u4ien compared with 
the pulmonary function” in the warm-blooded animals. 

The relation between cutaneous transpiration and pulmonary exhala- 
tion must not, however^ be considered so unimportant as it might appear 
from these experiments on thick-haired and densely feathered animals. 
The gaseouiS exhalations from the skin in man have scarcely been exa- 
mined, but the quantitative investigations hitherto made, as for instance 

voi,. n.' 30 
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those of Valentin, prove that the human skin takes a very considerable 
part in the separation of aqueous vapor from the body. This fact had 
already been rendered very probable by certain dietetic and other obser- 
vations, and seemed to derive confirmation from Magendie’s method of 
making the skin of animals wholly impermeable by means of glue, paste, 
varnish, &c. ; and although the death of the animals thus experimented 
upon cannot be referred solely to the retention of gaseous fluids, the 
latter, although inconsiderable in quantity, are not devoid of importance 
in a physiological point of view. There are indeed many questions which 
still demand our earnest attention in reference to this subject ; and even 
if the life of an animal of higher organization could continue to exist in 
a relatively normal state for any length of time after cutaneous exhala- 
tion had been suppressed, this circumstance would prove as little the 
unimportance of cutaneous gaseous transpiration, as the interesting ex- 
periments of Regnault and Keiset, on frogs whose lungs had been extir- 
pated, co'uld prove that the lungs of frogs are superfluous organs. In 
these experiments the fro^s not only continued to exist for a very long 
time, but they also consumed a considerable quantity of oxygen (although 
scarcely as much as half the amount Consumed by the uninjured animals) : 
thus, for instance, 1000 grammes’ weight of these animals consumed in 
one hour 0‘047 of a gramme. The ratio of the oxygen Ao the transpired 
carbonic acid and to the nitrogen was nearly the same as in the unin- 
jured animals. 

This leads us to the consideration of the abnormal phenomena which 
the interchange of gases in the lungs occasionally presents, and which 
are consequent on anomalies, functional or other derangements of indi- 
vidual organs, or diseases. This subject is, however, beset with so many 
difficulties that we have hitherto been obliged to content ourselves with 
the determination of the absolute or relative quantity of excreted car- 
bonic acid, and even these limited experiments have not yet led us to 
any important results. 

In entering upon these pathological relations we cannot pass over an 
accurate observation made by Bidder and Schmidt,* although we s];>all 
recur to it more fully in the following paragraph ; we allude to an expe- 
riment on the respiration of dogs, in which all the bile was carried off 
externally by means of a biliary fistula. For every kilogramme of this 
dog, which was kept almost entirely without food, thel'e were absorbed 
in one hour. 1*146 grammes of oxygen, and 1*146 grammes of carbonic 
acid were exhaled ; hence, of every lOQ parts of absorbed oxygen 77*07 
were returned with the carbonic acid : for every kilogramme of a dog 
operated upon in this manner, but receiving an abundant supply of flesh, 
there wecej^bsorb^ in one hour 1*158 grammes of oxygen, while 1*827 
grammes of carbonic acid were excreted ; hence, of every 100 parts of 
absorbed oxygen. 88*7<> parts were contained in the carbonic acid. We 
simply give these numbers in the present place as faet^ sinqe we purpose 
lunaiyaing this experiment more fully in a future page. 

Three different methods have hitherto been proposed for the investiga- 
tion uf the interchange of gases in the lungs during morbid conditions ; 
but these are unfortunately nearly all ^ually open’ to objecrion. In the 

' Op. eit. pp. 868-886. 
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first place, animals were experimented upon, in which certain abnormal 
processes had been induced by the operation employed, as was done by 
Begnault and Beiset, and in part also by Bidder and Schmidt. In these 
experiments, as in most cases in which animals were experimented upon, 
the whole amount of the perspiration was determined by enclosing the 
animals in a receiver to which fresh air was conveyed, while the air 
already used was carried oflF by a system of vessels for the purpose of 
being absorbed. I have myself* made experiments of this kind on the 
process of inflammation. The most important obstacle to such inquiries 
in the case of animals, is that many diseases which are of the greatest 
importance in the eyes of the physician, cannot be produced by opera- 
tions, or any other artificial means. There are very few places, more- 
over, in which the experimentalist has the opportunity of carrying on a 
series of investigations on spontaneously diseased animals. On this ac- 
count, the human subject has hitherto been most frequently experimented 
upon, for the sake of investigating the process of respiration atuWts effects 
on the excretion of carbonic acid in disease. * Hannover* has partially co- 
operated with Scharling in employing the last-named method for determin- 
ing simultaneously the pulmonary ^d the cutaneous perspiration. This 
method is undoubtedly the best adapted for examining the respiration 
during disease, ja-ovided the patients can, without any inhuman aggrava- 
tion of their condition, bear to be moved and temporarily confined within 
a closed receiver. It cannot be denied that even in this mode of experi- 
ment, the true effect of disease upon the exhalation of gas is unavoidably 
modified, at least during an experiment of shwt duration, by the mental 
excitement of the patient ; but this evil is far less completely rectified in 
Front’s method, which has been followed by Malcolm,® Hervier and St. 
Sager,* and Doyhre.® It demands considerable practice to acquire the 
facility exhibited by Vierordt, in breathing with perfect calmness into an 
apparatus, however well it may be constructed ; the disease may often 
run its course before the patient is able to acquire the necessary profi- 
ciency, while on the other hand humanity forbids ufi to torture a fever- 
parent for any length of time with such experiments. Hence great 
caution should be exercised in •deducing scientific conclusions from any 
observations of this kind. Then, moreover, in ^he experiments made 
according to the last-named method, the determination has almost always 
been limited to Ohe relative amount of carbonic acid jn the air, without 
regard to the volume of the expirations, and hence we need hardly 
observe that such experiments are scarcely of any value. 

My experiments on the procesa of inflammation and its influence on 
the perspiration have been unavoidably limited to rabbits, in whom it is 
very diflScult to excite an acute inflammation. I foun4 it was not suffi- 
cient merely to wound the animals, and that it was necessary at the 
same time to inject stimulating substances into the wounds ; but notwith- 
stfinding these measures, I always had to make several fruitless attempts 
before any individual animal could be brought into the condition neces- 

‘ Abhandl. d. Begrfind. d. k. sbehs. Oes. der Wiss. 1846, S. 465. 

* De qaantitate aoldi earbonioi ab bomine sano at cegroto exbalati. Hands 1846. 

* Monthly Jo\im. of Med. Sdenoe, January, 1848. ’ 

* Compt. rend. T. 28, p. 260 ; Gaz. des Hospitanx. 1849, p. 86. 

* Compt. rend. T. 28, p. 686. 
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sary for these experiments. I subjoin only the results of those experi- 
ments to which I attach the greatest importance, and in which the morbid 
phenomena as well as the composition of the blood indicated the presence 
of the process of inflammation. 

In (a) and (&) the lungs w-ere the seat of inflammation, and in (c) and 
((i!) the inflammatory process extended over several i^mscles. 

(a) In every three hours a rabbit excreted, at the mean temperature, 
the following quantities of carbonic acid : 


Before the animal was wounded, and during three hours 

in the morning, 

Immediately after being wounded, . . . - 

On the first day, 

second day, 

‘‘ third day, 

** fourth day, 

“ in the evening, .... 


8-820 grammes. 
8-877 “ 

2-961 “ 

8-217 “ 

2-808 
1-838 

1-731 « 


(ft) In every three hours a rabbit excreted, at the mean temperature, 
the following quantities of carbonic apid : 


Two days before being wounded, 
Immediately after being wounded. 
On the fit St day, 

“ second day, 

“ third day. 


8-170 grammes. 
8-302 

8-199 “ 

2J-914 « 

1-877 “ 


(o) In three hours a rabbit excreted, at the mean temperature, the 
following quantities of carbonic acid ; 


Two days before being wounded, . 8-692 grammes. 

Immediately after being wounded, .... 3-947 “ 

On the first day, 8-683 “ 

** second day, ... .... 2-711 

“ third day, ....... 2-179 “ 

“ fourth day, ....... 2*098 “ 


(d) In three hours a rabbit excreted, at the mean temperature, «ihe 
following quantities of carbonic acid : 


Immediately before being wounded, .... 8*004 grammes. 

Twelve hours 2*9*41 “ 

On 'the second day, 2*986 “ 

“ thii:d day, . 2*218 “ 

“ fourth day, 2*347 “ 

« fifth day 2*066 « 


According to 1^, Hervier and St. Sager, many acute inflammations, 
such as meningitis, peritonitis, metritis, and acute arthritic rheumatism, ' 
yield an excess of carbonic acid {Jiypercrinie earhoniqu^^ and all in- 
flammations in which the respiration is implicated, as pneumonia, pleu- 
risy, and pericarditis, yield less than the normal quantity of this acid 
(Kypocrinie carhonique). 

But what opinion can we form of experiments which, like those made 
by Hervier and Sager, have led to results diametrically opposed to the 
best observations, and which have exhibited distinctions of such extreme 
delicacy, that other observers have been unable to arrive at such nicety 
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of observation, even when employing more exact methods ? What are 
we to think when we see that these experimentalists found that less 
carbonic acid was exhaled during the period of digestion than in a state 
of fasting ; that they distinguished two maxima and two minima of the 
exhalation of carbonic acid, of which the one maximum occurred at 9 
o’clock in the morning, the other at 11 o’clock at night, while the one 
minimum was observed at 3 o’clock in the afternoon, and the other as 
early as 5 o’clock; that they observed the quantity of excreted carbonic 
acid constantly rise with the pressure of air, and found invariably more 
carbonic acid exhaled after animal food than after a vegetable diet, and 
even without in any way investigating the proximate coincident causes ? 

According to these experimentalists, moreover, the excretion of car- 
bonic acid is augmented in the cold stage of intermittent fever, and still 
more so in the hot stages. “ When the patients perspire, the air they 
exhale hardly varies from the ordinary air. Again, the normal relations 
of the excretion of carbonic acid remain unchanged in all chronic dis- 
eases combined with fever, as in chlorosis, ‘diabetes, the beginning of 
cancer, nervous affections, and chronic inflammations. The quantity of 
consumed carbon falls in measles,*scarlatina, rqseola, erythema, during 
the period of suppuration, in s'curvy, in purpura, anaemia, anasarca, the 
last stages of cancerous, scrofulous, or syphilitic degenerations, in typhus, 
dysentery, chronic diarrhoea, and pulmonary phthisis. The temperature 
of the expired air rises and falls with the number of the respiratiqps.” 
This confused assemblage of names of diseases and symptoms, and of 
obsolete and recent titles of diseases, sufficiently attests the nature of 
these investigations. 

Hannover has attempted to determine the quantity of carbonic acid 
exhaled in chlorosis ; he employed four girls in these experiments, which 
so far admitted of comparison with Scharling’s observations, that three 
of these girls were of nearly the same age as the girl experimented upon 
by the latter observer ; the fourth girl, when in a state of perfect health, 
and at the age of 17 years, expired 0*4546 of a gramme of carbonic 
aq^d in one hour for ev^ry 1000 grammes of her weight. Hannover’s 
three chlorotic patients, whose respective ages were 15, 16, and 18 
years, exhaled, according to similar calculatioi^ 0*6666, 0*6105, and 
0*5874 of a gramme, and consequently, an amount of carbonic acid far 
exceeding the qfhantity eliminated by the healthy gijl. This fact is the 
more worthy of notice as there is reason to believe that the blood-cor- 
puscles participate in the absorption of oxygen, and in the formation of 
carbonic acid, although in those cases in which it has been proved with 
tolerable certainty that the blood-corpuscles are considerably diminished, 
it has been found that the excretion of carbonic acid^s increased rather 
than diminished. Although we are not quite justified in concluding 
from this fact, that the blood-cells are devoid of all influence on the for- 
mation and excretion of carbonic acid, it is quite certain that they do 
not contribute very essentially to the interchange of gases, and that the 
source of the carbonic acid, as we learn from other experiments, has to 
be mainly sought in the metamorphoses of the tissues, and only to a 
very slignt degree in the processes occurring in the blood-cells. More- 
over, in these chlorotic patients, the absolute quantity of the excreted 
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carbonic acid stood in an inverse ratio to the number of the respirations, 
which, as we have already seen, is the reverse of what we observe in the 
normal state. Hannover was unable to discover any increase of animal 
heat, notwithstanding the great development of carbonic acid ; indeed, 
chlorotic patients generally comglain much more of cold than of heat. 

All these experiments of Hannover were conducted wijh the greatest 
care in every respect ; for besides making a very accurate examination 
of the special form of disease, he very carefully noted in each respira- 
tory experiment the numbers of the pulsations and respirations, the 
temperature, the height of the barometer, the bodily weight, and the age 
and constitution of the individual. All the experiments were made in 
the middle of the day, between 10 and 1 o’clock, and the patient was in 
no case suflFered to remain more than half an hour in the apparatus. 
The observations were made principally between the months of Septem- 
ber and December, 

Hannoter instituted experiments on the respiration of five persons 
suffering from pulmonary tuberculosis ; the tubercles being in part 
already softened and suppurating, ^The absolute amount of carbonic 
acid generally increases with the number of the respirations, while the 
relative amount (that which is contained in a definite volume of air) 
diminishes.* [llr. Malcolm' has just published “ some exjteriments on the 
proportion of carbonic acid exhaled in phthisis pulmonalis.” Fifteen 
patients, nine males and six females, in decided consumption, were 
operated on thirty-two times. The disease had reached the stage of 
softening in all but one, and in three there were cavities ; the pulse 
averaged 104, the respiration 30. The result of the experiments in 
these cases was this : the percefttage of carbonic acid averaged 4*467, 
the extremes being 3*7 and 5*5. The result of experiments similarly 
made upon tvrelve healthy individuals, six mal^s and six females, at an 
average age of 29, showed an average percentage of 4*6916, ranging 
from 4*2 to 6*9. — a. E. D.] The other experiments made by Hannover 
on the excretion of carbonic acid in some other morbid conditions, are 
too disconnected to admit of our deriving any definite results from them. 

Doyhre repeatedly examined the air expired by a young girl who 
had cholera, and continued his observations till the death of the patient ; 
he found that the excretion of carbonic acid was generally much dimi- 
nished in this disease, and that this excretion was augmented aS soon as 
the general condition of the patient improved. 

Malcolm in'stituted a more exact series of experiments, according to 
Front’s method, on this relation in typhus, in which he, of coursej de- 
termined only the relative quantity of carbonic acid in the expired air. 
This observer found that in nineteen cases of mild typhus the quantity 
of carbonic acid contained in 100 volumes of the expired air, varied 
between 1*18 and 4*ld»; the mean of all these observations gave the 
^number 2-492§, but this quantity fell to 2*282g in seven more severe 
(Ases of typhus. Front gives 8 -96 g as the mean numiber for persons in 
hbalth ; the rdative amotmt of carbonic acid in the expirations is '^ere- 
fore very considerably diminished in typhus. The amCunl;^ carbonic 

' Dn1}Un Quarterly Journal of Medloal Seienee, TolL 18, p. 820. 
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acid in the air cannot be brought into any definite proportion either to 
the number of the respirations or of the pulsations. 

Here again we perceive the great deficiencies of pathological chemis- 
try, which does not even supply us with the necessary materials for 
establishing a system. On the other hand, it must be admitted that the 
charge of inapplic^ability to medipal pi%ctice, which has been advanced 
against this section of physiological chemistry, is less just in the case of 
the respiration than in the theory of digestion (see p. 414). Until 
recently, the determination of the respirations, and of the contractions 
of the heart in cases of disease, were little more than mere symbols, 
which nothing but the rudest empiricism could venture to adopt as ex- 
planations for the recognition, diagnosis, and prognosis of diseases, 
whilst at the present time, although our knowledge of the interchange 
of gases, and the influence of the movements of the respiration and the 
circulation may not always afford definite conclusions, it can, at least, 
supply us with certain indications of the most essential constituents of 
the pathological process, by which we may regulate and modify our 
medical treatment. The more exact knowledge of the respiratory func- 
tions which we now possess has thrown a clear^^r light on the process of 
fever than any of the innumerable treatises which have been written on 
the subject. We are indebted to pure physiological investigations for 
numerous elucidations of some of’thoso groups pf symptoms which we 
meet with in certain diseases, such as pulmonary tuberculosis, eipphy- 
sema, certain heart-diseases, diabetes, &c. No one can deny that the 
great advance which has been made in modern times in respect to our 
knowledge of respiration, has afforded us a deeper insight into these and 
many other pathological processes, but it would carry us too far were 
we to enter more fully into the results yielded in this respect by pure 
physiology to pathology. It is in his practice by the bedside that the 
physician obtains the most important aid from the physiology of the re- 
spiration. We do not exaggerate when ■^e assert that there is scarcely 
a page of this section on the respiration which does not treat of facts 
fi^m which the physician may obtain the most valuable hints for his 
treatment of various diseases, and more especially of pulmonary affec- 
tions. 

While the advances of the science of medicine have taught us that of 
all the vast accumulation of remedies which in the^course of time have 
been collected together, very few are of any value at the bedside, and 
while the enlightened practitioner is disposed to attach at least as much 
importance to a rational dietetic os to a specifically therapeutic mode of 
treatment, the value of investigations on normal respiration, in reference 
to the science of medicine, can never be overrated ^ for when>once the 
fact is universally admitted that the first thing to be considered in many 
diseases is to furnish a copious supply of oxygeis to *the blood which has 
been loaded with imperfectly decomposed substances, and to remove as 
speedily as possible tbe'Ca^bonic acid which has accumulated in it, these 
observationstwill have afforded ns true remedial agents, which exceed 
almost eveijy other in the certainty of their action. We may perhaps 
aid a tuberculous patient quite, as much by recommending him to respire 
a moist warm air, as if we prescribed Lichen Garr4t,gheen oir 01. jeeorie 
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Aselli. Instead of tormenting an emphysematous patient, suffering 
from congestion and hsemorrhoidal tendencies, with aperients and saline 
mineral waters, we might relieve him far more effectually by recom- 
mending him to practice artificial augmentation or expansion of the chest 
in respiration (filling the lungs several times in the course of an hour), 
or to take exercise suited to proftuce this result, whi^e 'wo should forbid 
the use of spirituous drinks, and not prescribe tinctures, which might 
hinder the necessary excretion of carbonic acid. We abstain, however, 
from offering any further illustrations of these assertions, since the re- 
flecting* physician will not blindly follow any guide ; while the mere 
empiricist can never learn thoroughly to heal any disease, whatever may 
be his knowledge of physiology and pathological chemistry. 

We endeavored, at the beginning of this section, to give a. general 
representation of the interchange of gases which occurs within the lungs, 
tracing the movements of the atmospheric air into the pulmonary vesi- 
cles, where an opposite current of gases is developed from the fluid blood. 
What we then regarded almost d priori as a physical necessity in this 
occurrence of two opposite currents of air, has been proved, from Vier- 
ordt’s experiments, to be an actual fa*ct. Mechanical forces, considered 
in the strictest sense of the word, were insufficient to carry the oxygen 
into the pulmonary vesicles and the carbonic acid into the trachea, as has 
been most conclusively proved by the suggestive experiments of Hutchin- 
son* ,and others. There is one portion of their course through which the 
oxygen and carbonic acid must be propelled by the aid of diffusion ; and 
this, as Vierordt has shown by the numerous modifications of his experi- 
ments on respiration, is controlled by the same laws which Graham^ has 
expounded in so masterly a manner. We may, therefore, hope that we 
have arrived at the recognition andnphysical explanation of the inter- 
change of gases effected within the air-passages. Wo have thus, as it 
were, arrived at the boundaries of the blood in our theoretical considera- 
tion, and it now only remains for us to explain the physical or chemical 
laws by which the gases dissolved in the blood are liberated, and those 
of the atmosphere are condensed in the blood. Having acquainted ovir- 
selves with the constitution of the air at the place of its exchange — that 
is to say, in the pulmonary vesicles— rwe have next to ascertain the cha- 
racter of the blood which is affected by this interchange of gases ; for 
without a knowledge of its character before and after this interchange, 
we shall be unable to form an opinion of the principles which control this 
most essential part of the process of respiration, that is to say, the inter- 
change of gases between the blood and the air in the pulmonary vesicles. 

Two questions present themselves to our notice regarding the manner 
in which-, on the confines of the air and the blood, as it were, this inter- 
change is effected between the carbonic acid and the oxygen : one of these 
questions is wl^nce^ dom the blood derive ita carbonie acid, and in what 
Torm does it convey this gas to the lungs ? The second question is, in what 
physical or chemical relations does the oxygen stand to the blood, or to 

this or th^t constituent, in its passage into the blood ? In cfusidering the 

> 

> Medico-ohirurgioal iSransactions, Vol. 29, pp. 137-152; and Oyclopsedia of Aitatomj 
and Physiology, Vol. 4. pp. 1016-1087. 

* Trans, of Boy. SoO. of £din. Vol. 12, p. 222. 
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first question as to the sources of carbonic acid in the animal organism, 
we must, in the first place, remember that all animal fluids contain '^ases, 
and especially carbonic acid. We have already seen, in the second vo- 
lume of the present work; that carbonic acid, oxygen, and nitrogen, are 
present not only in the blood, but also in the lymph, the transudations, 
the parenchymatoufi juices of many organs, and even in the urine. It is 
by means of these juices that all the animal tissues, as well as the paren- 
chyma of the organs, are permeated by the gases in question, and there 
is not a single vital organ in the whole animal body from which we might 
not, by means of the air-pump, extract free carbonic acid, nitrogen, and 
some traces of oxygen. An experiment which was begun long ago in my 
laboratory placed this relation, as might readily have been conjectured 
d priori, beyond all doubt, by affording a positive proof of the quality of 
this gas ; we are, however, still deficient in the more exact quantitative 
determinations for individual organs. 

But when we investigate the source of thq carbonic acid in the blood, 
and incline to the belief, after the most general examination of the vege- 
tative vital functions, that it must, ig part at least, be sought in the activity 
of the different organs themselyes, wo cannot wholly retuto the objection 
which might be offered, that the carbonic acid may be formed in the blood 
itself, and bo cdhveyed with the transudations of this fluid ipto the paren- 
chyma of the organs. It is, therdfore, in the first place necessary to 
prove the pre-existence of this carbonic acid in the fluids of the tissue. 
The probability of such a pre-existence may readily b^ seen by analogy, 
and the fact has been almost directly proved by positive observations. 
We have purposely devoted more time to the mechanism of the respira- 
tion of insects than we generally give to the mechanical relations of the 
animal processes ; for it is precisely* in these animals, which have no true 
blood, but merely parenchymatous juices, and no true bloodvessels, but 
at most mere rudimentary hearts, or a very limited analogue, the so-called 
dorsal vessel, that the atmospheric air penetrates directly through the 
most delicate tracheal ramifications to the very elements of the organs ; 
he»e the air does not come first in contact with the blood, nor does it 
pass for any length of time wkh it through vessels, where it may undergo 
metamorphoses accompanied by a development of carbonic acid gas ; the 
carbonic acid must here be formed in the parenchyma of th% organs 
themselves, and* through their vital activity ; for the amount rises and 
falls in the exhaled air, as we learn from direct experiments, almost in 
equal proportion to the amount of the activity of these organs. It is, 
therefore, probable that also in the higher animals, endowed with true 
blood, the carbonic acid is almost entirely formed in the functional organs, 
and not in the liquor sanguinis. And should we then find such great 
differences in relation to the amount of gases, in the character of the 
blood flowing to and from the organs (the arteriail arfd vepous d>lood), if 
all the carbonic acid of the blood flowing to the right side of the heart 
were formed gradually and alone throughout the whole extent of the 
blood-column passing nrom the left to the right side of the heart through 
the capillaries ? No farther probabilities need be adduced to prove that 
the parenchyma of the organs .is the seat of the formation of carbonic 
acid, as we obtain the most convincing proof of the correctness of this 
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view from the admirable investigations of G. Liebig.* Although many 
points may be susceptible of improvement in the method of experiment- 
ing adopted by G. Liebig, the main results must continue unaffected. 
We have already (p. 247) noticed the most essential facts which hav^ been 
brought to light by these inquiries. We would here only repeat, that 
the carefully prepared frogs’ muscles absorb oxygen ^nd exhale carbonic 
acid so long as their irritability or contractility lasts, that the latter is 
lost in irrespirable gases, and finally, that a muscle completely deprived of 
blood continues to maintain this interchange of gases so long as it retains 
its contractility. We have here, therefore, not the mere representa- 
tion, but the perfect expression of a respiration of the organ of a higher 
animal without blood, and even without any special air-passages ; the in- 
tertihange of gases and the formation of the carbonic acid originate here 
directly from the organ from which the carbonic acid is otherwise con- 
veyed to the atmosphere by various indirect means (and necessarily through 
the blood 'Rnd lungs). As, moreover, these experiments show that the 
muscles cannot retain their activity without an access of free oxygen, at 
all events, a large portion of this gas must, after its absorption by the 
lun^s, be conveyed in a< free state through the blood and the walls of the 
capillaries into the muscles. The blood is, therefore, quite as well 
adapted to convey to the muscles the free oxygen necessary for the ac- 
complishment of their functions as t6 carry off the carbonic acid formed 
by this function ; the first interchange of gases is, therefore, effected in 
the parenchyma »f the organs themselves, or if we regard the interchange 
of gases between two dificrent media as the process of respiration, the 
first act of this process — the first interchange — is effected between the 
parenchymatous juice and the blood in the capillaries. This act may be 
compared to the respiration of wator-breathing animals ; the difference 
consisting almost solely in this, thdt the medium conveying the oxygen 
is on an average denser than the medium which is destined to absorb 
oxygen, or that the difference in the density of both is on the whole very 
small, whilst in the true water-breathing animals, the density of the re- 
ceiving medium exceeds that of the water very considerably, but priwsi- 
pally in the circumstance that the blood (Offers essentially h’om water in 
its great capacity for tl;to absorption‘of oxygen and carbonic acid. Not- 
withstOipding this difference, we may hope that when the respiration of 
animals breathing through gills has been sufficiently elucidated (and this 
subject is at present occupying the attention of Valenciennes), we may suc- 
ceed in bringing this interchange of gases, which is effected through the 
walls of the capillaries of the greater circulation, into accordance with 
the law of the transfusion of the gases absorbed by fluids. Then only 
can we establish the theory of this portion of the respiration on physical 
grounds. 

Before we ^rocObd to consider the second act of respiration in the 
higher animals, that is to say, the interchange of ^ases in the capillaries 
''of the lesser circulation and the pulmonary ve8ieles>-Mdte -niterehange 
between the blood and the air — we must not omit to^ inquire tciietAer all 
the oxygen in the arterial blood i» free^ and, whether all. the carbonic 
acid in the’ venous blood is only mechanically combined. The previous 
' Ber. d. Akad. d. Wisa. zn Berlin, 1850, S. 889-847. 
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experiments, as well as the obseryations of Magnus and Marchand, to 
which we have already referred, and according to which the fresh blood 
exhibited no chemical attraction from oxygen, might incline us to believe 
that all the oxygen absorbed by the blood in the lungs passed unchanged, 
that is to say uncombined, into the capillaries of the greater circulation, 
and from thence info the parenchyma of the organs. This, however, is 
by no means the case, and we have already given the reasons, which seem 
to show that a part of the absorbed oxygen enters into chemical combi- 
nations even in the arterial blood. We need here only refer to the pecu- 
liar relation of the crystalline substance of the blood towards gases [see 
note to vol. i. p. 344J, and to Liebig’s apodictic proof, that as the blood 
considered as a fluid can mechanically absorb only a very small portion 
of oxygen, the greatest part of the oxygen which disappears during 
respiration must of necessity be chemically absorbed. 

The very careful and admirable experiments of G. Liebig* appear at 
first sight to oppose the idea of a chemical absorption of the oxygen in the 
lungs ; for he found that the difierences of temperature in ithe different 
parts of the circulating system, including both the arterial and the venous 
systems, were solely referable jto the physical laws of the radiation of 
heat, &c., and that in the lungs especially, the blood not only undergoes 
no elevation, but even a slight depression of temperature. , 

Here, therefore^ we obtain for the first time, through G. Liebig’s 
investigations, a direct confirmation of the early hypothesis, that* the 
blood is cooled in the lungs by respiration. This fact appears, as has 
already been stated, to stand in direct opposition to the assumption that 
the oxygen is chemically absorbed, at all events in part, in the arterial 
system. This discrepancy is, however, merely apparent, as we may 
readily perceive, when we consider <hat only a part of the oxygen that 
enters the blood is chemically absorlfed, that a great part of the free 
heat is consumed in the restoration of the carbonic acid to its gaseous 
form and in the evaporation of water, that the specific heat of water is 
very great, and that the difference of temperature between the blood 
in^be left side of the heart and that of the right side is extremely small. 
If we follow G. Liebig’s experiments in their details, more especially in 
reference to the testing of the metheds of observation, and observe how 
the temperature of the blood in the different vessels is dependent upon 
external physic^ effects, we might rather wonder at»tbe slight diminu- 
tion of the temperature in arterial blood, and apply this observation in 
support of the assumption of a chemical absorption of oxygen. 

Although we can scarcely any longer entertain the slightest doubt that 
a large portion of the absorbed oxygen enters into chemical combinations 
in the arterial blood, we are not on that account justified in assuming 
that carbonic acid and water are already within the arterial bloody 
for this is an assumption which has already led ts mftny eirroneoiH theo- 
ries regarding the respiration. As the serum is only capable of absorb- 
ing a small quantity of oxygen, and. as we find that the blood^corpuscles 
change so essentially in the capillaries, the more probable view will 
always be, that the oxygen is conveyed from the blood-eoipuBdes to the 

’ Ueber d. TemperatamiiterBcliiede d. vesOsen a. arterielle& Sluts. Inang. Abb. d. 
Med. Fac. zu Giessen vorgel. 1858. 
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capillaries in a loosely combined state, and that it passes from thence 
into the parenchymatous fluids in order there to commence effecting oxi- 
dations, among the products of which we find carbonic acid and water. 
We have already endeavored to show that wherever oxygen and organic 
matters enter into combination, they do not at once yield carbonic acid 
and water as the products of their combustion, and, that these simple 
oxides (as in putrefaction and decomposition) are often only simply sepa- 
rated from the oxidized body, without the organic body being entirely 
destroyed, as in combustion. We must, however, beware of adopting 
such an exclusive view as to maintain that there is no generation of car- 
bonic acid or even of water within the lungs, or between the left side of 
the heart and the capillaries after the oxygen has been absorbed in the 
blood. We might more readily adduce proofs of the formation of a part of 
the carbonic acid after the first contact of the blood with the atmosphere 
than the contrary. Magnus has certainly found relatively less, but 
absolutely more, carbonic acid in venous than in arterial blood ; and 
although we*may not regard this individual observation as one of constant 
occurrence, we can scarcely interpret it in any other way than that, at 
least in this case, carbonic acid is developed after the access of oxygen 
to the venous blood. In factj we must obstinately adhere to a precon- 
ceived opinion, if notwithstanding the important differences recently 
made known to us in the arterial and venous blood, wo should still main- 
taitt that the blood remains wholly unaffected by the oxygen with which 
it is charged in <thc lungs, and that any one of its constituents cannot 
intimately appropriate to itself the oxygen without losing it again in the 
capillaries. When we fully consider the differences exhibited in the 
blood before and after the absorption of the oxygen in the lungs (see vol. 
i. p. 620), we shall find some difficulty in yielding to the opinion, that 
the parenchyma of vitally active Organs is the only destination of the 
oxygen. 

We will simply remark in conclusion, that the very decisive influence 
of the different nutrient' substatices on the process of respiration, which 
we have shown to exist, cannot bo reconciled with the view, that ^11 
oxidation must take place in the parenchyma of the organs. The carbo- 
hydrates, as well as th^ excess of albaminates, are very quickly oxidized, 
as might be conjectured, from the pulmonary and urinary excretion ; 
these substances, wliich are absorbed in what may be termed superflu- 
ous consumption, are not first converted into constituents of the organs 
to be again excreted ; but whether they are first conveyed from the 
blood and carried into the innermost parts of the organs in order to 
be consumed, is a question which we are not yet able to decide ; there 
seems at the present day to be every appearance of probability that 
the greater part of the carbo-hydrates and fats, and the excess of albu- 
minateiB, are decontposed and oxidized within the course of the blood. 

Now that wo have convinced ourselves, in the course of our inquiries, 
thSit that interchange of oxygen and carbonic acid, which we term respira- 
tion, is a process which is not limited to any individual part of the animal 
body ; and now that we have seen how, on the one hand, an inter- 
change of air is effected in the air-passages by the double means of 
mechanical transport and by diffusion, and how, on the other hand, an 
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active interchange of gases takes place in the parenchyma of all the 
organs and in their capillaries, it simply remains for us to ascertain 
the lawn which control the interchange between the elastic gases of the 
air conveyed to the lungs and the condensed gases of the blood of the 
pulmonary capillaries upon the humid mucous membrane of the pulmo- 
nary vesicles. , 

We shall wholly pass over the older theories regarding the process of 
respiration, as they were almost exclusively mere hypotheses based on 
few facts, and consequently not explanations considered in a scientific 
point of view ; nor, indeed, were such explanations possible at that time, 
when scarcely a conjecture had been hazarded in reference to the laws 
of absorption, of diffusion, and many other physical principles bearing 
upon this subject. Although we can scarcely yet venture to hope that 
we are acquainted with all the physical laws which may come into play 
in the interchange of gases in the lungs, our exposition of the positive 
facts referring to the respiration sufficiently^ show that we haVe nearljr 
succeeded in tracing to their physical fundamental requirements the indi- 
vidual sections into which the respiratory process may be divided. The 
first attempt to determine the physical law accowling to which the blood 
and the air interchange their gases in the lungs was made by Valentin 
in conjunction -fith Brunner, and«conducted with equal intelligence and 
perseverance. Valentin arrived at the result, that this interchange of 
gases corresponds perfectly with the law of the diffusion of gases esta- 
blished by Graham, and that consequently the' oxygen «.nd carbonic acid 
are interchanged in an inverse ratio to the square roots of their densi- 
ties. As it does not fall within the limits of the present work to enter 
into more diffuse theoretical expositions, we will here content ourselves 
with briefly indicating the difficulties which oppose the unconditional as- 
sumption of this theory. In the interchange between the gases of the 
blood and the air in the lungs, we meet with external relations differing 
wholly from the conditions under which Graham observed the interchange 
of gases through a porous partition wall, And on 'which he based his law; 
afls^r what has already been stated it would appear almost superfluous to 
observe, that in respiration an*absorbed gas is opposed to an elastic fluid 
gas, while in the process of diffusien both gase^ must be in the elastic 
fluid state and under equal pressures, which cannot be the case in the 
respiration. Tfiese, and some other points, which are opposed to the 
direct application of the law of diffusion to the respiration, might per- 
haps be of less importance if , this interchange of carbonic acid and 
oxygen occurred in the ratio required by the law of diffusion, that is to 
say, that 86‘lG'vols. of carbonic acid should be interchanged for every 
100 vols. of oxygen. If this ratio very frequently exists during an am- 
mal diet, we have nevertheless encountered niunerous facts in our pre- 
vious observations which appear to be diametricaHy djpposed to this law ; 
a law cannot, however, tolerate an exception, and when the latter can 
be shown to exist, the law is without force. It seems to us at least that 
many of the facts which have been proved beyond a doubt by the most 
recent investigations, notwithstanding all the concessions which might be 
made in favor of the peculiar animal relations, cannot be brought entirely « 
into harmony with Valentin’s theory. 
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Vierordt has described the interchange of gases on the inner surface 
of the lungs in a manner corresponding entirely to known physical 
laws as well as to positive facts ; there are few theories in physiology 
which have resulted from such numerous and carefully conducted ex- 
periments as those which Vierordt established, and which he based upon 
the laws of absorption discovered by Henry and Dalton. Henry has 
shown that the quantity or the volume of an absorbed gas depends 
entirely upon the pressure under which the gas above the fluid remains 
after the absorption has been completed ; while Dalton has proved that 
in the mixed gases the pressure of each individual- gas, which, as is 
well known, is entirely independent of that of the intermixed gases, 
alone determines the proportion in which this gas is absorbed by a fluid. 
If, therefore, there be more carbonic acid contained in the blood than 
the pressure of the carbonic acid in the pulmonary vesicles is able to 
maintain in a state of condensation, a corresponding quantity will escape 
from the blood, until the amount of carbonic acid in the blood is re- 
duced to the number corresponding to the amount which would be ab- 
sorbed by blood containing no carbonic acid, and exposed to a tension 
equal to the carbonic acid pressure* on^ the pulmonary vesicles. The 
quantity of carbonic acid thus passing into the pulmonary vesicles 
would therefore depend, in part, upon Abe quantity of this gas condensed 
in the blood, and in part upon the teilsion of the carbonic acid gas already 
contained in the air of the pulmonary vesicles. Under the relations oc- 
curring in the animal body a motion in a directly opposite direction 
would be imparted to the oxygen. The blood, when it enters the lungs, 
is not sufiSciently saturated with oxygen, and is able, under the pressure 
which it then experiences, to absorb a larger quantity of this gas ; the 
tension of the oxygen contained i» the pulmonary vesicles is so con- 
siderable, that a portion of it is transferred into the blood, and there 
condensed. Both gases are therefore quite independent of each other, 
as the more cerrect physical explanation would lead us to infer ; their 
interchange is not effected bj^ mutual displacement, but is determined 
for each gas by the quantity of condensed gas in the blood, and by the 
tension of the corresponding clastic fluid gas contained in the air of the 
pulmonary vesicles. , « 

There can be no doubt whatever that this law of Dalton applies per- 
fectly and completely to the free gas contained in th4 blood (whether 
mechanically combined or absorbed), and hence it must constitute one of 
the most important factors in the interchange of gases in the lungs ; but 
we have already seen that a very large portion of the so-called free 
oxygen and carbonic acid gas in the blood is in a state of unstable 
chemical combination, and hence Dalton’s law can, strictly speaking, 
only apply- to the fraction of carbonic acid and oxygen contained in the 
blood which is onlymeehanicallv absorbed, or, to express the sas^e thing 
in different words, is merely taken up by the water in the blood. The 
isw;of absorption is •not, however, of 1 ms importance to the theory of 
respiration; and we may perhaps be justified in assaming that all the 
oxygen is mechanically absorbed (in accordance with the above-men- 
tioned law) before it enters into this unstable chemical combination, and 
that the carbonic acid, before it is separated from the blood, is mechuii- 
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cally dissolved from its chemical combination, when the diminished 
external pressure favors, or rather controls, its elimination. It cannot, 
however, as yet be strictly proved that the membranes which separate 
the blood and the air within the lungs may not manifest different de- 
grees of permeability towards the gases or the fluids which saturate 
them, and may no^ therefore, exert some influence on the interchange 
of gases proceeding in accordance with the law of absorption ; for 
although these membrhnes may be extremely thin, they yet consist of 
at least three delicate layers of tissue, namely, the pavement epithelium 
and the membrana propria of the pulmonary vesicles, and the walls of 
the capillaries. The great difference of permeability shown by animal 
membranes towards fluids, having even the same character, makes it not 
unreasonable to conclude that, if we could once succeed in establishing 
a general formula for the expression of the interchange of gases in the 
lungs, this function would constitute a part of it. 

The effects of the respiration on the entire metamorphosis t>f animal 
matter, and on the individual functions of tTie latter, will bo systemati- 
cally considered in the following section. It is customary to associate 
the theory of animal heat with that of the respiration, for, since the 
time of Priestley and Lavoisier, flame has not been regarded merely as 
a poetical symbol of life, but life and combustion have beeq regarded as 
two perfectly simiiUr processes. Ltivoisier’s theory of animal heat has 
experienced various modifications in the course of time and from»tho 
pressure of advancing science, as has also the theory of combustion, 
although both are true in their fundamental principles. We will not 
hero enter more fully into the theory of animal heat, since it still rests 
on a very uncertain foundation, and since further, an accumulation of the 
various facts and argum’ents bearing* upon the subject would extend our 
work to an unreasonable size. Besides this, it is still questionable 
whether the theory of animal heat, which embraces so many purely 
physical and purely physiological laws and facts, can, strictly speaking, 
be considered as pertaining to physiological chemistry ; for, if we admit 
its^laim to this rank, we might with equal justice be called upon to 
enter into a more detailed expesition of the theory of animal electricity, 
siifce this, no less than the theory of«animal hcat,^s based upon chemical 
inquiry. f^ We ought to observe, however, that the special heat of every 
animal organism*i3 merely the result of chemical cognbinations formed 
within it. No one has elaborated this proposition with more argumen- 
tative ingenuity and ability than Liebig ; and nothing blit excessive 
incredulity, combined with an inadequate knowledge bf physical laws, 
could lead any one to doubt the correctness of his exposition. Dulong' 
and Despretz* are, however, almost the only inquirers «vho have afforded 
us any positive investigations in relation to the main point of this sub- 
ject ; according to their observations, only from sfiven to nine tenths 
of the heat generated in the organism can be referred to oxidation. Too 
much importance must not, however, be attached t» these results, for it 
must be admitted that the method of investi^tion employed by these 
inquirers was not entirely free from blame, while, moreover^ they exhi- 
bited extraordinary instability in their estimate of the number of the 
• Ann. ae Chim. «t de Phya 8 S«r. T. 26, p. 1-88. * Ibid. 2 S«r. 1 . 26, p. 64-110. . 
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units of heat developed from the carbon, as well as from the hydrogen, 
during oxidation. If, however, future investigations should enable us to 
become better acquainted with the heat that is evolved from the com- 
bustion of the carbon and hydrogen (and especially to determine it with 
accuracy in those cases where, as in the animal organism, the elemen- 
tary atoms to bo burned must be only gradually dissolved by the oxygen 
from very complicated compounds), and if repeated zoo-calorimetric 
investigations, free from the errors of the above-niimed physicists, should 
lead to the desired result, that the animal heat which is developed 
entirely corresponds to the quantity of carbon and l]^drogen burned in 
the body, then it would indeed appear most wonderful that other 
chemical excitants of heat, which are sufficiently obvious to every one, 
should be altogether excluded from the animal organism. Why should 
the chemical union of acid and base, and the many decompositions and 
other processes, which, as we know, are generally accompanied with the 
development of heat, lose this property in the animal body ? This much 
is established and placed beyond all doubt by the labors of the most 
trustworthy observers, that the chemical movements in the living body 
are more than sufficientkto explain the animal heat, and particularly that 
the process of oxidation ■which is carried on through the respiration 
yields by far the most important contsibution to its excitation. Attempts 
have been made to ascribe to the nervous system a share in the produc- 
tion of heat, but, as we have already observed in vol. i. p. 30, we cannot 
form a conceptioffi of the nervous system in a state of action without 
chemical changes occurring in it. Any one may observe the depression 
of temperature that ensues in parts in which the connection between the 
nerves and the central nervous system has been interrupted ; and we are 
well acquainted with the recent experiments of certain French physiolo- 
gists, who, after dividing the sympathetic at a certain spot, have found 
the animal heat, at definite parts, considerably higher than the ordinary 
temperature, — an observation which I have myself had occasion to 
make ; and while wo do not overlook the difficulties which oppose an 
explanation of such phenomena in a special case, we must regard ev^ry 
view as unscientific, and therefore incorrect, which would refer the origin 
of animal heat, althoygh only pantially, to any other than cbemmo- 
physical forces. 

If, however, th® chemical theory of heat, as it haft been generally 
understood, is open to objection, it seems to us that it can only arise 
from its having been regarded less as the consequence than as the object 
of all, or, at tiny rate, of most, of 4lie chemical movements in the 
organism. Animal heat has, perhaps, been brought too pronunenUy 
forward in the consideration of the metamorphosis of animal matter, so 
that it may almost have appeared as if a great number of the animal 
processes were ai^omplished solely for the purpose of generating heat 
**10 the living body. "Shien we inquire into the objects accomplished in 
the organism, animal heat acquires a special signmcance &om the fact, 
that most of the higher animus, however they may otherwise differ, are 
endowed with a power of compmisation, which is so carefully adapted to 
each, that even the most different external or internal relations are 
scarcely able to produce the slightest fluctuations of temperature. The 
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conclusion which we might be led to draw from this fact, in reference 
to the importance of animal heat for the vital functions, is certainly 
somewhat shaken h^ the consideration, that many of the so<^!alled cold- 
blooded animals from the agility of their movements, the nature of their 
food, their respiratory equivalents, the energy of their growth and nutri- 
tion, in short, from the amount of their metamorphosis of matter, are 
not BO far different from mammals and birds as to establish the necessity 
of this high degree of ‘temperature for the maintenance of life, and the 
energetic performance of the most essential vital functions. And are we 
not arguing in ai^irolc, when we assert that animal heat is subservient 
to the metamorphosis of matter, and that the latter again is subservient 
to the promotion of animal heat ? If we were to assume, that this high 
degree of temperature is necessary for the formation of the tissues from 
nitrogenous food, as well 09 for the functions of the organs, and that 
amylaceous substances are taken up in the organism merely for the 
purpose of generating this degree of temperature, the cold-blooded 
animals, which are not inferior to higher ammals in rapidity of growth, 
and not unfrequently equal them in the energy of their vital functions, 
would, even' under suclx limitations, refute th«se conclusions. If the 
carbo-hydrates were consumed by animals merely for the purpose of 
generating heaft, it seems teleologically incomprehensible why certain 
fishes, whose animal heat never rises above the surrounding medium, 
even after the most active movements, should live almost exclusively 
upon amylaceous matters. (Wo need only instance ^he case of gold- 
fishes, wnich live for years on^^ no other food than wafers.) We have 
already endeavored (pp. 344~848) to indicate the objects which may be 
fulfilled by the carbo-hydrates beyond that of generating heat- in the 
animal body.' We do not, however, intend by these remarks to dis- 
parage the importance of animal heat in relation ^ life. All the 
admk*able investigations whidi have led us to recognize an internal con- 
nection between respiration, .certain nutrient matters, and animal heat, 
have afforded us °a deeper insight into the vital processes ; and hence h 
is^o poetical imagery to connect the life of respiring beings in reference 
to their production of heat ^ith the process of combustion. Animal 
heat does not, however, on that account occupy a higher p]ac% than 
every other phenomenon, and every other result which is manifested in 
the active living organism ; at once an effect and ^ cause, it proceeds, 
as in combustion, &om processes on which it exerts a favorable refiex 
action ; it is only one, but not the highest link of that .immeasurable 
series of- phenomena which cooiBtitute the true substance of corporeal 
eadstence, and is kt certain orgmM^s notbihg more Uian the iipevitable 
consequence of the dbsmieal processes of the animahfHrgani^ — ^n$^ng 
more than the lesult of a movement regulated by definke laws* . 

V /We bnv« purposely referred in brief terms to the differeut theories.^ the 
respiration, as a fuller ei^osition of theoretical questions and disoiissipns 
wt^ld haveMieeB foreign to the plan^ this worik (as we have already 
cAqerved in our methodological inteadm^on).;. hence it has mainly hqem 
OUT dbgect.to limit ourselves, to the ^notice of. facts which; hfac become 
incorporated with, science, girmg a Critical- opinion of .value 
wherever it was praptieahle to do so. 
voju 11 . 31 
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We have, therefore, endeavored, as far as possible, to consider the scien- 
tific bases on which physiological chemistry has been raised to the level 
which it now occupies. We purpose in the succeeding and closing sec- 
tion of this work, to notice the facts which have led to the deductions of 
this or that theoretical conclusion, without entering into a full exposition 
of the numerous theoretical questions which are discussed at the present 
day. Nor do we think that the time has yet arrived when a complete 
system of the metamorphosis of animal matter dan be given in a text- 
book of physiological chemistry, and we should even be exceeding the 
widest limits allowed to such a work, were we to take<fiart in the contest 
which is still imaging concerning many of the leading questions of the 
metamorphosis of animal matter, for as we have already frequently re- 
marked, the noblest labors of many distinguished physicists show that we 
are still deficient in the first exact physical and chemical bases of a 
theory of the metamoimhosis of animal matter. We abstain the more 
readily frsm a further discussion of this subject, as we should otherwise 
be compelled to add to the iwo volumes, of which our work already con- 
sists, still another, which notwithstanding the exact bases laid down in 
the two former volumea, must of necessity be a mere repetition of the 
individual views of the author. All, therefore, who desire to acquaint 
themselves with the discussions on the. more general views of vegetative 
life must familiarize themselves with the ground of the^<contest, and learn 
for themselves, by carefully testing the evidence on both sides, how to 
reach a higher and more comprehensive point of view. But those who 
do not feel that they possess the power of entering into such discussions, 
either as judges or combatants, will adopt the safest course if they accept 
the interpretations of one, who by his great discoveries in this depart- 
ment of science, as well as by his extraordinary powers of combination, 
has earned the to be beard; we need scarcely say that we refer to 
Liebig. Bor even when facts were wanting, and when the' empirical 
data were unsettled and vacillating, the acuteness of his intellect has 
frequently revealed secrets in nature which have rarely failed, on subse- 
quent investigation, to verify the correctness of his views. r 


NUTRITION. 

We have already, in the beginning qj^is work, adraneed- the proposi- 
tion, that the study of the process of ^trition was the orowning point 
or final aim«f lUl our researches in physiological 'Chemistry ; but aRhough 
all our pircvious considetations and all our researches tended nltimamy 
towards' this ^oiDt,*we<are still far removed from- it, nor idtali we find 
that our exerttons have )^een^ewarded witib ^e suecesa we migfat jwve 
^ hoped to achieve.' < lihren here we are oompelledi to rest eatisfira with a 
'meip 'Sketfdi, wiuCh^ netwitlmtaading a few iharply defined outlhies, is 
still so imperfbot that it^must be left very much to the imagination of 
individual inquirers -16 fill up the defidenciee aeoordix^ to tbdr'own 
conception of what is needed for its eonq>letion, not for^ting that die 
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colors which are thus superadded must soon merge, according to circum- 
stances, into other tints, and can only be fully realized by those who are 
familiar with the subject. 

In the course of our considerations we have acquainted ourselves with 
all the substrata in which the animal processes are effected ; we next 
endeavored to ascertain the mutual relations of the different substrata 
and processes in the accomplishment of the most es|ential functions of 
animal life, both in their general and special conditions, and we sought 
to study the parts assigned by nature to each of the four great groups 
of substrata, or ttf their individual members, within the animal organism. 
It would scarcely, therefore, appear necessary to enter into any elabo- 
rate exposition or investigation of those matters, which are necessary to 
the continuation or maintenance of vital %iotion when once induced, for 
that which has once been exhausted can necessarily be replaced only by 
something similar or identical. This restitution must be regulated ac- 
cording to the expenditure. Although thesg propositions are almost too 
self-evident to be advanced, yet it required the moAt extensive, laborious, 
and exact investigations of tne mogt intelligent inquirers to arrive at the 
result which now seems to us tp be so simple and so easy of attainment, 
namely, that the requirements of the animal organism in the accomplish- 
ment of the vit^l functions, mustP correspond with those ^ur groups of 
substances which, "as we have already delineated in the above sketch of 
the motions of animal matter, constitute their essential and fundamental 
elements. But this need scarcely excite our wonder, since it has required 
all the researches and investigations embraced within the entire compass 
of this work to effect this object. Is any one link of this long chain of 
so slight an importance that it does not stand in the closest relation to 
the general process of vitality ? It is only by means of all these intro- 
ductory propositions that we are able to comprehend how those substances, 
which we have learnt to knotr as the most impoTtant adjuncts in the 
metamorphosis of animal matter, must also be contained in those matters 
which the animal body takes up for the renovation and restoration of 
that which has been lost or rendered effete (whether it be a fluid or a 
tissue, a ponderable or an imponderable matter), and for the regular 
accomplishment of the vital phenoiflena. 

There could gcarcely be a doubt that the albuminous matters, the fats, 
the carbo-hydrates and salts, which we have learnt to know as the bases 
of the metamorphosis of animal matter, must at the same time serve as 
the nutrient matters of the animal body ; yet the opinion that one of 
these groups was more important than another to the vital process has 
led to many errors’ in reference to the physiological value of the nutrient 
letters. It was long before it could be conclusively shown by experi- 
ment, that the value of any of those bodi^ oonid only be expressed by 
the eombination of these four categories. HoW fai* we were retnoved, 
even a riiort time since, from comprehending' j^hb simple is sulBr 

cietrtly proved by th^- various experiments proseeuted under the Erection 
of different learned Boeieries, in which animals -were fed excltisively on 
uitrogenovs matters, as for instance, albnmmt or alifibal jelly ; and the 
result of these nbservarions excited general surprise, whbn it was found 
that in those experiments, which had been condheted^ with the greatest 
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Exactness, the aniinals perished under symptoms of inanition, and exactly 
as if they had been deprired of all food. The nutrient quality of any 
one substance depends upon the intervention of some other body ; and it 
is only by the reciprocal action of these four fundamental substances 
that life can be maintained, even as it was originally begun and influenced 
by the same means. We ought, therefore, to distingjiish, in our conside- 
ration of the absolution of matter necessary for the maintenance of life, 
between those essential nutriemt mattert which we have learnt to know 
as adjuncts in the metamorphosis of matter, and those articles of food, 
which originating either in the vegetable or animal kingdom, generally 
contain the former in combinations of the most varied proportions. This 
is, however, so obvious, that after what has been already advanced, it 
would be superfluous to enter fkrther into the subject. But if the various 
articles of food difier to so extraordinary a degree in the amount of 
nutrient matters belonging to these four groups, it would not seem out of 
place to Estimate the value ,of food by the proportion in which these sub- 
stances are combined^in them, so as best to promote nutrition. However 
justly 4he albuminous matters may be, termed histogenetic or organo-plas- 
tic, and however indispensable they mayjbe to the vital organs, we must 
necessarily ascribe a very limited nutritive force to all articles of food 
which in addition to the albuminates contain neither “fats nor carbo- 
hydrates, and even if all these matters were combined together in one 
article of food, wo could scarcely ascribe to it any great degree of 
nutrient force, unless there were also phosphates and other salts present 
in it, for no cell or fibre could be formed or regenerated without the co- 
operation of these salts. If, therefore, all four groups of nutrient sub- 
stances are equally necessary to afford compensation to the animal organ- 
ism for the matters which have become effete, or to supply materials for 
the establishment of new manifestations of force, those articles of food 
will be the bwt and the most invigorating which consist of such sub- 
stances combined in the proportion which is best adapted to the animal 
organism. Hence we see, that the idea of the nviriHve value of any 
article of food is entirely relative, as it depends partly tq)on the- propor- 
tion in wUch the fundamental bases of nutrition are mixed in it, and 
partly upon the individual requirements of the organism that, is to be 
nourished. ", 

There are, therefore, two points which specially demand our attention 
in entering upon a scientific oonsideration of food generally, and of its 
nutritive qualities specially ; the first refers to the amount- of these four 
elements, whirii it contains and the s^nd, tot the emounastanoes under 
which riie oif;anism exhdbitB a greater. dr- lesser neoesrity for one or more 
of these ri[euaents,'4for the maintenance of its integrity, as. well as; for the 
produotfonKof'Oerfoln dfocts of force. . These questions must besolved by 
qhantitative defornSinatiotts, for the physiologicoKilmmical statisties of the 
Uving oi^guuisin aae not |done<competmit4o eluoi^ite thas sulijeot. 
mhed sOaunriy observe, tbat in jodgme of the nutritive value of annitiole 
' of jfood, vre mush noh^ loM ri^t of the qu^tyofi She nntrkivo elements 
bislongmg to the ghonpO) since tl^s in a great measure determines 

its. idigestibality4 ; \ Hiu^Tbiwctd white ^ «^, meat thathasbeen lv>ile4 for 
a long time, aaill bard^i^bBeese whidi is pM in Jut and in oalls, are less 
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easily digested than soft-boiled or fresh white of egg, meat steeped iil 
vinegar, or slightly coagulated moist and rich cheese ; starch is much more 
rapidly converted into sugar when boiled than in its raw form, when, 
as we have already seen, it frequently and principally passes off in an 
unchanged state, whilst another carbo-hydrate, namely cellulose, is only 
employed as food \}y certain animals under special relations. Notwith- 
standing their identity of constitution, the members of the same group 
frequently exhibit verjr great differences, depending upon their greater 
or lesser accessibility to the agents of digestion. An article of food 
may, therefore, owing to the indigestibility of its constituents frequently 
possess a far less nutritive value than we should expect from the mixture 
and composition of its elements of nutrition. It must not, therefore, 
be wholly forgotten, that the digestibility^of a substance constitutes one 
of the factors of its nutritive value. As, however, this subject closely 
corresponds with all that has already been stated in reference to the di- 
gestibility of the different nutrient matters^ we will now revert to the 
main questions already noticed, the former of which considered the proper 
admixture of the individual elem^ts of nutrition in the nutrient sub- 
stance. Before we proceed to decide the questien of what are the most 
favorable proportions of these four fundamental nutrient matters in any 
one article of fdod (and, therefore^ how the normal nutrient matter must 
be constituted in order, under the cbmmon relations, to yield to the ani- 
mal organism the materials necessary fon the fulfilment of all its functions 
as well as for the renovation of effete matters), it will not be out of place 
to consider from’ this point of view the composition of the ordinary , arti- 
cles of food. 

As the nitrogenous constituents of the nutrient matters, that is to say 
the albuminates, are principally employed in the reproduction of the 
tissues, and of the actual organs of the animal organism, investigators, 
amongst whom Boussingault ranks foremost,’ have more especially -directed 
their attention to the amount of these matters contained in the food. 
As vegetable food commonly contains only very small quantities of ether 
nitrogenous matters besides* the albuminates, it was thought that the 
nitrogen they contained would»afford a proximate measure of the value of 
these matters in reference to the reproduction of, the tissues, and there- 
fore, to one of the most important parts of the metamorphosis of matter. 
Besides Boussingault, Thomson,” and more especiall jib Schlossberger” and 
Horsford,” in part under the direction of Liebig, have made tolerably ex- 
tended investigations in relation to this subject. Liebig has, moreover, 
suggested the institution of very tcomplete investigations in reference to 
the other classes of nutrient matters, with a view of determining the quan- 
tity of the carbodiydrates or starch and of salts contained iusa number of 
different-^artiolea of food ; Horsford mid Krotdeer” have mode, .the most 
admirable observations in respect to jdiis point,* Alb the numbers ob- 
tiMned in these inquiiies ajre of the hi|;hest utyportance to nuteition in 
more than one^int of view, although it is not possible to ^veet comprcr- 
hensive list of them,.we. are induced, c<mtr«ry tu ouc usiwl custom, to give 

’’ Ecotfttibl* Paris, 1#44, p. 4W. ' ^ Yol. 28jp. S23: 

« Ann. d. Ch. 11 . Pharm; Bd. «2r6. lOb-lSO.SlA'Areb t Hsilk.- Bd; 6,1. 17^26. 

4 4. Q,. s. pbam. ltd. 68, fi, 1661212. . . • Ibid. p. . 
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Ae fundamental values found by these different observers. 100 parts of 
tbe thoroughly dried substances yielded the following results : 


Boubbingault found 



Thomson found 




Nitrogen. 

Nitrosen. 

In rice, 
potatoeB, 


1*39 

In white bread, .... 

2*27 


1-5 

“ brown bread. 

2*63 

** turnips, . 


1-7 

Glasgow unfernvsnted bread, . 

2*17 

“ carrots, . 


2-4 

> ** Essex flour, .... 

2-17 

“ rye. 


1-7 

Canada flour, 

2*21 

“ maize, . 


20 



“ barley, • 


20 



“ wheat, . 


2 2 



** oatB, 


2-2 

ScHLOssBBBQEB and Doppino found 

** peas, 
lentils, . 


8-8 




4*4 

In Agarious deliciosus, 

4*6 

beans, . 


61 

** ‘‘ russula, . 

** “ oantharelluB, . 

4*2 

<< haricots, 


4'6 

3*2 

SoHLOSBBSBGSB oud Kemp found 



** 


Nltrogmi. 


Nitrogen. 

In cows’ milk, . 


3-78 

In the milt of herring. 

14*69 

woman’s milk, 


1*59 

** raw haddock (^glefinus \ 

14*64 

“ Dunlop cheese. 


6 03 

communis), . . . / 

“ Dutch Gouda do., . 

«• 

• • 

711 

“ boiled do., .... 

12*98 

Cheshire do., 

• • 

6-76 

** haddock extracted with al> \ 

16*72 

double Gloucester do.. 

• * 

6-98 

, cohol, . ♦ / 

old Qlouoestei do.. 

• • 

6-27 

raw flounder, .... 

14*18 

« yolk of egg, . 

• • 

13‘44 

** boiled do., . . 

15*18 

“ oyoter, . 

• « 

6-26 

flounder extracted with al- 1 

15*71 

liver and bile of crab. 

e • 

7-62 

cohol, . . . . / 

raw Mussel (Mytilus edulis], . 

841 

** raw skate (Raja batis), . 

18*66 

“ boiled do., 

“ liver of the ox. 


10 61 

** skate extracted with alcohol. 

16*22 


10 66 

“ crab, 

13 66 

** pigeons’ liter, 


11*80 

“ raw pigeon, .... 

12*10 

portable soup, 


1216 

^ “ boiled do., . 

12*38 

“ raw eel, . 


6-91 

“ pigeon extracted with alcohol, 

13*16 

boiled do.. 

• 

6 82 

“ raw lamb, .... 

13*26 

eel extracted with boiling 1 

14*46 

lamb extracted with alcohol, . 

14 66 

alcohol. 

. / 

“ raw mutton, .... 

11*80 

“ raw salmon (Salmo fario), 

12*36 

“ boiled do., . 

13 56 

boiled do.. 

, , 

9*70 

** mutton extracted with alcohol, 

14*76 

<< salmon extracted with alcohol. 

16*62 

raw beef, . . >* . 

I8487 

raw heriing, . 

, . 

14*48 

be^ extracted with alcohol, . 

14*88 

“ boiled do.. 

, , 

12*86 

“ raw ham, .... 

8*57 

herring extracted with alcohol. 

14*64 

** « boiled do., .... 

12*48 




ham extracted with alcohol, . 

14*21 




the white of hens* eggs, 

* 18*44 


Among the interesting conclusions which may be drawn from these 
investigations, we will simply refer to the observation which had earlier 
been made by Schlossberger, that the amount of nitrogen in nMseular fibre 
does not etaentiallg differ throughout the whole animal kingdom. The 
flesh of fioK nontsxdk the same absolute amount of nutrient matter as that 
of the higher animals ; oysters^ on the contrary, in opposition to the gene- 
ral viewj contain far Idas, and hence the difference between the absolute 
a mount of nutrient matter and the amount of easily digestible matter is 
^ most clearly shown. 

* ' Wehdbd, however, scarcely observe, that We cannot judge directlyfrom 
the amount of nitrogen contained in ai^mal nutrient matters regarding 
their direct value in the reproduction of tli« blood and tissues. For 
the nitrogen, which is found, depends in part upon the gelatigenous 
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matters of the animal nutrient substances ; it is, however, still very doub^ 
ful whether the gelatinous substances can contribute anything towards 
the reproduction of the tissues, although it may at least be seen with cer- 
tainty from their composition that they cannot fulfil the same objects as 
the true albuminous substances. 

The following ti^ble gives the results of those investigations of Hors- 
ford which were at the same time directed to the elucidation of the 
amount of ash and sul](ihur contained in vegetable food : 


FOOD. 

If 

r 

K CO 

Percentage of 
Ash. 

fill 

|l|i 

till 

1? 

Wheat flour flrom Vienna, No, 1, . , . • 

“ “ No. 2, .... 

« « No. S, .... 

Talavera wheat from Hohenheim, .... 

Whittington wheat from do., 

Sandomier wheat from do., 

Kye flour from Vienna, No. 1, 

“ « No. 2, , . . ^ . 

Rye (Staudenroggen) from Hohenheim, . • 
Rye (SchilfroggeiO from do., . . 

Polenta-meal from Vienna, • « • 

Indian com from Hohenheim, 

Ono>grained wheat finm Oieesen^ .... 

Barley from Hohenheim, ....... 

Common winter barley from do., .... 

Kamschatka oata from do., 

Farly white oats from do., 

Common rice, 

Buckwheat floinr from Vienna, 

Tartar buckwheat from Hohenheim, * . . 
Green peas from Vienna, ....... 

Field peas from Giessen. 

Table beans from Vienna, 

Large white beans from do., 

Lentils from do., 

White potatoes from Giessen, ...... 

Blue potatoes, do 

Carrots, do 

Beet-root, do 

Radishes, do 

Yellow turnips, do 

^ Turnip-rooted cabbage, do 

Onions, 

800 
2*12 
3*44 
2*60 
2-68 
2*60 
^ 1*87 
2*93 
2*78 
2*47 
214 
, 2*30 
• 2*07 

1 2*81 
2*79 
2*39 
2*82 
1*10 
108 
1*56 
4*42 
4*67 
, 4*47 
4*69 
4*77 
1*66 
120 
1*67 
2*43 
1*81 
1*46 * 
1*98"^ 
1*18 

0*28 

0*16 

0*^ 

0*18 

0*19 

019 

0*13 

0*21 

0*16 

0*18 

016 

0*16 

0*16 

0*16 

0*20 

0*17 

0*20 

0*08. 

0*07 

0*11 

014 

014 

0*14 

0*14 

0*16 

0*11 

0*08 

0-12 

0*17 

0*13 

010 

0*14 

0*70 

0-66 

1*10 

2*80 

3*13 

2*40 

1*33 

•1*07 

0*86 

2*37 

0*86 

1*92 

2*01 

2-84 

6*62 

8*26 

4*14 

036 

1*09 

2*30 

3*18 

2-79 

.4*88 

4*01 

2*60 

1 8*61 

8 86 
6-77 
6*43 
6*02 
401 
7*02 
8*63 

19*16 

13*64 

21*97 

16*64 

17*11 

17*18 

11*94 

18*71 

17 76 
16*77 
13*66 
14*68 i 
1.T22 
14 74 
17*81 
15*26 

f800 

7*40 

6 80 
9*96 
2802 
29*18 
28*54 
29*31 
30-46 
9*96 
7*66 
10 66 
15*60 
1166 
9*26 
12*64 
7*63 

79*77 
85^7 
78-03 
80*78 
7868 
78*89 
86*66 
7897 
80*86 
82*6T 
84*90 
84*62 
84 52 
84*80 
80*64 
86*06 
83-08 
91*60 
91*62 
90*88 
67*31 
66*23 
66*70 
68*17 
66*00 
86*86 
88*20 
84*69 
73*18 1 
78*49 
90*82 ] 
61*38 ^ 

13*86 

13*65 

12 73 
16*43 
13*93 
16*46 
, 13*78 
^ 14*68 
13*04 
18*82 
18*36 
14*96 
14*40 
16*79 
1»80 
12*71 
12*94 
15*14 
16*12 
14*19 
1843 
19*50 
13*41 
t6*80 
18*01 
74*95 
68*94 
86*10 
81*61 

82 25 

88 28 
87*78 
98-78 


The numbers of the non-nitrogenous substsipoes, given in the fifth 
dolumn, refer not only to the starch, but include, in addition to this, the 
cellulose, wax,*or fat, &c. ; and hence it was impprtant to determine 
Erectly the starch contained in these substances. Krocker made de- 
terminations of this kind, which yielded the following numbers for every 
100 parts qf the dried substance : 


Pure etarch from beans, . 

Farts of starch. 

99*96 — 

Kamsohatka oats, ^ 


Pwrt. ofotarctu 
. 89-56 40-17 

Wheat^flour, No. 1, . . 

65*21 

66*16 

Barley meal, . . 


. 64*63 

64*18 

No. 2, . . 

66*98 

67*42 

Barley, . , . . 


. 89-62 

87-90 

No. 8, . . 

67*70 

67-21 

1 

1 

§ 

• 

1 


. 42-M. 

42-Oa 

^alavera wheat, . .. . 

55*92 

66*59 

Buokwheat flour, . 


. 66'.05 


’Whittin^on wheat, • . 

Sandomier wheat, . . . 

63*06 

51*84 

Buckwheat, . . . 


, 48-80 

44-4& 

6^-83 

62-92 

Indian meal, . . 

• 

. rr-74 


Eve meal, No. 1, . . • 

6V2ff>* 

60*56 

Indian eora, . « 


. 65*ga 

66*80 

« No. 2, . . . 

54*8i 

5412 

One-eared corn. 


* 55^1 

63*76 

No. 8, . • . 

67*07 

67*77 

Elce, • ; . . • 

e 

. 85*70 

86*63 

Eye (Staudenroggen), 

44*89 

44-80 

Beans, . / . . 

0 

• 87-71 

87*79 

(Sohilfroggen), . . 

47*71 

47*13 

1 Peas, . . . s . 

« 

. 88*61 

38 70 

Meadow oats, .... 

87*93 

86*90 

1 Lentils, .... 

« 

, 89^2 

40 08 
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* From these and several similar determinations Liebig’ has constructed 
a table» 'which affords a general view of the proportion between albumi- 
nates and non-nila-ogenous nutrient substances in the most common 
articles of food for man (taking the albuminates as the unit). As Liebig 
here considers the non-nitrogenous matters mainly as promoters of 
animal heat, and as these bodies, namely the fats and carbo-hydrates, 
exercise a different influence on the generation of beat, according to the 
amount of oxygen which they contain, it is necesfiary for the simplifica- 
tion of the proportion to take their amounts of oxygen as the measures 
of comparison between the fats and carbo-hydrates ; ten parts of fat 
must thus in reference to the generation of heat correspond to about 24 
parts of starch ; sugar of milk and glucose are thus naturally reduced to 
the corresponding value of starch by the deduction of the water. On 
this supposition the relation of weight between the plastic and the non- 
nitrogenous constituents of the food is as follows : 




f 


riuUc. 

NoD-nitrogsnoQR. 

f 8-8 fat. 

\ 10-4 milk-sugar. 

In cows' milk, 


• 


. 10 

80 

= 

“ woman's milk, • 




. *10 

40 


<< l^Uls, . 




. 10 ^ 

21 



horse beans, 

• 



. 10 

22 



peas, 

• 



* ^0 
. . 10 

28 


( 

fat muttou, 



• 

27 

s=s 

11*26 fat. 

fat pork, • 



• 

. 10 

80 

t> 

12*50 “ 

‘4 beef, 



e 

. 10 

17 

ssa 

7 08 “ 

hare, 1 . 



• 

. 10 

2 

sss 

0*83 “ 

“ Teal, 




• 10 

1 

sss: 

0*41 “ 

“ wheat flour, 




. 10 

46 


ir 

oatmeal, • 




. 10 

50 



“ ryeJDieal, 




. 10 

X 57 



“ barl^, . 




. 10 

57 



“iwhite potatoes, 




. *10 

86 



•‘blue do. 




. 10 

115 



U lioe,, 

“ buokwlieat meal, 




. 10 

128 






. 10 

180 




AikderBon’’ has recently made very extended analyses in reference to 
the nutrient qualities of different*kinas of fodder for cattle. « 

If we refer to what has already been stated in the general considera- 
ticn of lihe metamorphosis of animal matter regarding the physiological 
importance of the separate groups of nutrient substances, generally, an<t 
of that of the fats and carbo-hydrates eppcially, we shall be induced 'to 
distinguish articles of food according 'to ^e quantity of fat and carbow 
hydrates which they contain ; that is to say^ the relatively best kinds of 
food most contain fat as wSll as ^rbo-hydrates ; under 'fav^prable rcla-' 
tioiis the .animal body is certainty able 'to .elaborate from the carbo- 
hydrates the fat which it requires ; but independently of the fiket, th^t 
tins produwOn of fat wonlj^ appear from all our positive experiments to 
be tumably Hmited^ production of sugar m the animal organhim 
shows, that* fat and tiUgid* have yery different imd not ttnimpdrtimf 
objects to fulfil in it (see p. 347). If it be true that the diOttlies 
ai^al'inistiaet ought in general to he £oU<Mred, <thiB is more especially 
. the ease inr reference to we selection food.' ge&m’id4ispositi0& 

•HCheiU. BHcfe. S Attfl. 1851, S. 463 Tor Lcitten on CluiidatrT. Loudon, ^[851, p. 8611. 

* JoaiiMl «f Agriouitorej 1858, p. . v ■ 
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to combine highly amylaceous food with fats, and fatty matters with 
amylaceous substauces, and the undoubted greater digestibility, of such 
mixtures, prove no less than the simultaneous occurrence of !fe.t and 
sugar in the milk of anhnals, which is generally recognized as a normal 
type of food, that both substances are necessary to the completion of an 
article of nourishiyent which perfectly satisfies the requirements of the 
animal organism. If, therefore, any one of these substances may serve 
in certain general rel^ons as a substitute for another, especially in re- 
ference to the development of heat, this does not in any way militate 
against the special utility of either. But when Liebig included such 
different substances as fats and cadbo-hydrates under the general 
designation of respiratory elements, he was far from holding the opinion 
tfah.t, independently of the differences in their capacity for generating 
heat or their so-called respiratory value, they were of equal importance 
in the metamorphosis of animal matters— a fact of which w6 might 
readily convince ourselves by an attentive ^tudy of his most'recent de- 
ductions regarding the forms of metamorphosis which the fats and sugar 
undergo. Although Liebig compares animals to “moving furnaces" 
in respect to the development, of heat and its causes in the animal body, 
it requires a strong faith to interpret th^ expression in the , broadest 
sense of the vA>rds, or lo regai>d his somewhat overstrained physical 
view as calling for serious refutatton. Liebig ranks the fats with the 
carbo-hydrates in his consideration of the different articjps of food, on 
the one hand, because both serve to compensate for the carbon and 
hydrogen wh|ch are lost through the lang§, and on the other hand, be- 
cause however much might be advanced in favor of a systematic separa- 
tion of these groups, their specific functions -in the metamorphosis of 
animal matter have not been determined with suificient strictness either 
by decided experiments or direct observation. The time, however, will 
come, and is assuredly not far distant, when we shall be able, by esta- 
blishing the relations of the most favorable admixture of different 
articles of food, to keep the fats and carbo-hydrates sufficiently separate, 
ai^ to attempt to ascertain the proportion between each individual 
element of nutrition and all the others. For the present we must take 
the normal food whidi nature itself*has prepared.for the infant organism 
ais the standard by which to judge of the most favorable proportions in 
the mixture of nutrient substauces. If we assume the mean constitution 
qf woman’s milk to be that mixture of the four groups of substances 
which is; best adapted for the nourishment of the human organism, we 
&ould £nd (hat the most nutritious food exhibits the proportion of 10 
parts of plastic matter, 10 parts of fat,.-20 parts of sugar, and 0*6 of a 
p<%rt of ssdts. 

In our investigation of the most favorable mixture of ttfS different 
nutifitive matters^ we must not forjget thht thsup- illations change in 
apeordaneo^with the condition of the organisih,'ihV the requirements of 
the body -equally demand variations in the composition of the food and 
in .its absolute quantity^ Sven in the oonsideration of milk^^we are 
struck by thofacty that nature has been careful to vary its composition 
in aobordance with different circumstances^ whilst its proportions remain 
invariably the same under perfectly miailar ckoumstanccs. The proper- 
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tion of the constituents of this nutrient fluid, which nature provides for 
the suckling which has just begun to breathe, is the same in every case, 
but is quite different from that which is supplied to young animals after 
they have breathed the air for a longer time. The proportions in which 
the constituents of the milk occur are moreover difierent for the different 
classes of animals ; cows’ milk contains relatively les^ sugar and more 
fat and casein than woman’s milk ; while asses’ milk contains very little 
casein, but, on the other hand, much sugar and fa^ more fat. It cannot 
be denied that (as we have already noticed in vol. ii. p. 61) the food 
which the mother may happen to take exerts a certain influence on the 
proportion of the constituents of the milk ; but it may be readily shown 
by a comparison of the investigations made in relation to this subject, 
that there is for every species of animal a certain fixed proportion be- 
tween the constituents of this primary food. It would appear obvious 
from these indications, that the requirements of the animal organism, 
which are influenced by various more or less preponderating agencies, 
must present differences in the admixture of the necessary nutrient 
matters. The effect of different influences of the external world, the 
higher or lower excitation of the inaivic(ual animal functions, mental 
excitement, &c., necessarily call for a restoration of the material parts 
lost in the different processes.’ This isi-so clear that thet'e can scarcely 
be a doubt on the subject ; but we are still entirely im the dark in refe- 
rence to the ^lore exact determinations of the proportions which are 
required to enable us to calculate the composition of the food, which is 
best adapted for each special*' organism. The physiologist^ should, how- 
ever, attempt to calculate for a given organism under certain definite 
conditions, the proportion in which the special nutrient matters ought to 
be mixed in order that the persistent •well-being of the organism may be 
secured ; and in this respect physiology has the best prospect of attain- 
ing to determinate numerical values ; ff'om these we may then construct 
general formulae, by means of which we may be enabled to predict with 
mathematical certainty the result of any definite action upon the animal 
organism. The functions which must be considered in a formula of this 
kind are certainly very numerous, and very many investigations have 
still to he made before .this object can be attained. But if this be an 
extensive field whose cultivation is still . bbset with great difficulties, it 
yet promisee the richest results, which may not only inSuence theory, 
but which will also make a marked im^pression upon practical life. 
Dietetics would then be based upon a firmer foundation, and it will no 
longer remain a mere illusive id^ that the healing art may be madd 
accessible to exact inquiry. 

A more important question than the determination of the relations of 
mixture inSlAifferent articles of nutrition is that of the absolute quantities 
of food which are re'qui»te for the maintenance of life, and f<w the ener- 
getic accomplishment of all its functions. A very great number of ob- 
servations which contribute towards the solutiotf of this question have 
been made on man as well as on. animals. These investigations have, 
however, been oqnducted rather with the view of comparing together the 
excreta of the animal organism generally, and of finding some standard 
for the amount of the metamorphosis of animal matter, than with special! 
reference to the question of the quantities of favorably mixed food, which. 
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the organism requires for its natural well-being. If for the present we 
put these investigations entirely out of the question, and consider the 
methods by which we may determine the amount of food which is ne- 
cessary to the organism, we find that there are two modes of determina- 
tion which especially present themselves to our notice. The first method 
consists in experimenting upon oneself or upon animals with the smallest 
possible quantities *of differently mixed food, until we have been able to 
find the suitable amoubt and the most correct proportion for each indi- 
vidual case ; but this mode of testing could only be adopted at the 
expense of trouble and time, and would throw little or no light on the 
question. We must, therefore, look about us for some guide in this 
method of inquiry, and this we shall find in the investigation and 
quantitative determination of the excretions of the animal body. If the 
latter actually afford a standard for the metamorphosis of animal matter, 
and if we are able, from their quantity and composition, to judge of the 
true loss which the animal body experiences during the activity of its 
organs, they ought also to give us the quanftty and quality of those sub- 
stances, which the organism requires for the restoration of its effete 
matters. This last method of inquiry, which is based upon the propo- 
sition that the requirements of nutrition are regulated by the amount of 
the loss in the body, appears at first sight to be so simple that one might 
almost wonder why, after such labors as those of Boussingault, Liebig, 
Valentin, Barral and other distinguished investigators, thu problem has 
not yet been completely solved ; but the inquiry is here met by numer- 
ous difficulties which have hitherto prevented any exact detettnination 
even for the simplest relations, partly on account of the constant fluc- 
tuations in vital activity and partly from those external influences which 
do not admit of calculation, but which materially affect inquiries of this 
nature. In order to simplify the observation, we should be especially 
careful to see that the organism which was made the object of investi- 
gation did not present any increase of weight in its organs, or that it 
was no longer at that period of growth, during which it required to con- 
sqpic more^ materials* than could bo again traced in the excretions; we 
must further avoid that kind*of feeding to which the term “ fattening” 
is applied in agriculture ; in short^ the organisip should be maiq|mDed 
in all respects m its normal state, in order that a conclusive proc^nay 
be drawn from^he excreta in reference to the necessary amount of food. 
The best method, therefore; of finding at least the minimum (ff the food 
necessary for the support of life, is after stopping all supplies from with- 
out, to determine the quantities of matters, which the organism loses by 
the excretion of urine, fmces, and products of perspiration. The numer- 
ous experiments on inanition, which were formerly made on different 
animals, appeared to present a good basis for this mode of ^Pborvation. 
But, .however important it may be to know ^e ininimum quantities 
needed for. the continuance of the life of the .(wganism, these kinds of 
experiments afford very slight indications of the quantities of food which 
are necessary to. maintain the anima^in perfect health and in tike full 
use of its powerst 'Wben we deprive an animal of all ^od, all its func- 
tions' become impaired, both in their intensity and extent ; and abnormal 
symptoms frequently occur, such as diarrhoea, Biases of blood in the 
different systems of capillaries, &c. ; if, therefore, we wish' to make the 
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excretions of such animals a measure by which to judge of the quantity 
of food indispensable to life, we must remember that this measure would 
scarcely suffice to afford the organism more than a scanty existence, for 
as we have already stated the functions of the organs, the manifestations 
of force, and the metamorphosis of matter connected with it, are totally 
different in a state of repletion and in inanition, ^uch experiments 
are nevertheless of high value to science. 

But how can the siuallest quantity be discovered for an amount of 
food which may give the organism the full use of i|» faculties ? If the 
absorption of nutrient matters in the intestine, that is to say, the absorp- 
tion of digested matters were limited to a greater extent than it really 
is, if no more nutrient matters entered the blood than were necessary 
for the reproduction of the tissues and of the various functions, we might, 
perhaps, notwithstanding some difficulties, calculate with tolerable exact- 
ness the amount of food required for the organism, from a comparison of 
the cxcretibns and the food ^hich had passed unchanged into the faeces. 
Now we know, from our previous considerations, that the organism is not 
able to convert an unlimited quantity pf nutrient matter into blood ; we 
always found that after*' partaking abunclantly of any kind of nutrient 
substance, some portion of it remained unchanged. The exact determi- 
nations by wejght, made by Boussingault in reference to fat, those of 
Bidder and Schmidt in reference to the albuminates, *and those of von 
Becker in reference to the carbo-hydrates, prove that only definite quan- 
tities of these substances can be resoled by the intestine within a cer- 
tain peridd of time. But nature has ^so here given very wjde limits to 
animal motions ; thus, for instance, very many experiments show that 
the organism is able to absorb through the intestinal capillaries and the 
lymphatics a much larger amount of’ nutrient matter or chyle, than it 
requires for the restitution of the effete substances, or for the accom- 
plishment of different purposes of life. In overfeeding the animal which 
is being experimented upon, a part of the food certainly passes un- 
changed into the excrement^, but another portion enters as superfluous 
nutrient mattep into the blood, where it is not employed either for the 
restoration of lost materials, or for the increase of mass in the body or 
its in&vidoal organs, orefor the accomplishment of any other objects of 
life, Wt is again given to the external world, h^er having undergone 
certain alterations which render it more- capable of* being excreted. 
There is, therefore, an actual superfih^s consumption 
tion^ to use C. Schmidt’s expression),, whenever there is this abundant 
supply of food. In ^ch a ease the organism takes up far -more than it 
requires even for the most. '.active accomplphment of all the-mtal fano- 
tions. Th^lifficnlty o^sists,^ therefore, simply in this, that we are un- 
able acot;^|B)ly to -aetexmine the mean which will give the organism 
neither toouttle noi^.tQd'jdia^ nourishment for the maiatentmoe in thdm 
normal eqmfibrkim .df^*aU'the movements of matter, and the manifestW'- 
tions of force d^ehding upon them.- Schmidt and Bidder haite, ^iera> 
fore, designated as superfluous c'oneun^ion whath 

over exceeded thi^ amonntof food which was shown in expemm^te itpbn 
fasting animals tf> bo absolutely nooessary to U£s ; and hence -they mra 
tahen the minimum value of the metamorphosis of matter, as the unit 
with which aH further experiments on nutrition might be compared. 
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In determining the absolute quantities of the nutrient substances on 
which the metamorphosis of matter depends, there are three magnitudes 
•which ■we are especially called upon to consider : the first is the quantity 
of food which will prevent the organism from sinking by starvation ; the 
second is that which affords the right supply of nourishment for the per- 
fect accomplishment of the vital functions; and the last is that which 
indicates the sum of nutrient matter which may under the most favorable 
circumstances be subjected to metamorphosis in the blood. 

If we should succeed in ascertaining the mean amount of the metamor- 
phosis of matter, and consequently of determining the corresponding 
quantity of food, it would be very readily scon, that like everything in 
the living organism, this amount will also varj' excessively according to 
existing conditions. It appears almost self-evident that there should be 
a greater consumption when all the vital functions are in a state of un- 
wonted energy, or during any considerable pr continuous manifestation 
of force, than in a state of rest or vegetative passivity ; the* previously 
noticed increase of the urinary constituente, and the more profuse per- 
spiration after bodily exertion, have afforded the most positive proof of 
this fact. The necessity for , nourishment is, fherefore,-inci*easod with 
the increase of external activity (activity dependent on exertion); this 
proposition is so clear, and is prefved byeuch numerous fa«ts in our daily 
experience, that it would be superfluous to enter more fully into this 
subject ; wc will only observe that in addition to the above-inditated 
standard, a special standard migh); also be established for the consump- 
tion required during a period of bodily labor, and that, in ad<lition to 
these, many other relations involve differences in the requirements of 
nutrition. 

In all these cases, wc have proefiedod on the assumption that we are 
considering an orgiinism which has attained its full development,— in 
which, therefore, the absolute weight of the living object remains the 
same, so that the excreta can, be accurately balanced by the ingesta. 
There is still greater difficulty in deciding the question regarding the 
absolute extent of the requirements of nutrition when growth, corpu- 
lence, or pregnancy, and mnlilar relations in which there is an increase 
of weight, have to be considered ; these casos the excreta fall ||eiow 
the ingesta, aq^ hence the latter cannot furnish any condusions regard- 
ing the quantity of the nutrient matters whidh are imcessary for the . duo 
accomplishment of these pbysiolo^eal fiinctions. Bouseingault was here, 
as throughout tlm whole of this department of inquiry, the first to lead 
the wi^; and he instituted & numerous sertds of Investij^tions which 
have aveady yielded the most brilliant resuHs. Yet notwtthstan^fing all 
these investigations we have hitherto failed in eBtab)iBhiii|y|||||W sharjply 
d^ned determinations of the amount of food^seoestory tmHPsrganism 
under certain ^vea relatacms. However mumt We may have^imt &om 
iabmiow researdies of diffiment inquirers, we are still - entirely 
wanthig in the exact normal determinations, to .which we Imd hc^ed to 
attaia m this department, 0|f science. * 

sl^teh which we have here given of the ei^ssimehts made to 
detefmine the necessary amount of food could miiy serve as Sn introduc- 
tion to farther considerations of the actuftl phenomena of nutrition ; while 
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at the same time it might indicate the direction by 'which we might most 
securely traverse the still mysterious labyrinth of ever varying pheno- 
mena. It might not be out of place if, before we passed to the special 
statistics of the metamorphosis of animal matter, we were once more to 
revert to the limit which the resorption of nutrient matters from the in- 
testine cannot exceed, and which consequently appertain to nutrition and 
the metamorphosis of matter. Although this subject has frequently been 
touched upon in the course of this work, we have deferred to the present 
moment entering more fully into this question, as it has the most direct 
bearing upon the phenomena of nutrition, which we are about to con- 
sider, its elucidation being to a certain extent the first point from which 
we are able to obtain an insight into the quantitative relations of the 
metamorphosis of matter during nutrition. Unfortunately, however, we 
possess only very imperfect investigations on this subject, the most com- 
plete of ■vjhich ^e those which were made by Boussingault* on ducks. 
These animals wCTe left without food for 36 hours before the beginning 
of each experiment, although they were allowed to take water during this 
time ; for the purpose of the actual cKperiment the food in question was 
introduced in the form df balls ; the duckc were killed at different inter- 
vals of time, and the excrements, as well as the contents pf the intestines 
were analyzed with special reference, t6 the quantity of fat and nutrient 
matters still remaining unresorbed. It was of course necessary to de- 
ternune before each series of experiments the quantity of fat and of other 
matters, which generally remained in the intestine even after 86 hours’ 
fasting. However carefully these investigations may be conducted, we 
ought to exercise considerable caution in deducing any conclusions from 
the results thus obtained.. For independently of the fact, that these re- 
sults obtained from ducks do not admit of comparison with the corre- 
sponding relations of higher animals, the birds thus experimented upon 
not only obtained the articles of food given to them, unmixed with other 
substances, but also in a form to which they were entirely unaccustomed. 
We have already seen under the head of “ Digestion,” that individual 
articles of food, as for instance, the nitro^nous matters, when they ffre 
introduced into the intestinal canal independently of other substances, 
are less easily digested*,' there would*, therefore, be less matter to be re- 
sorbed in these cases than usually occurs tnsdei* the ordiuary relations of 
nutrition in ducks. *' Nor can any one deny, 'that food differing so much 
from the ordinary kind, as rolled np pieces of dry cheese or gelatin, 
must be quite inadequate to afford. any conclusive evidence of the normal 
relations of nutrition in ducks. If, however, all these objections were 
obviated, and the contents of the intestine and the excrements were not 
only we^|[|||, but also analyzed, the circumstance that the intestinal ex- 
cretion ^fKiffereijt during digestion from what it was in a state of 
fasting, must e88e&ti|k|^,:,i!hfiuence the accuracy of the results ; for we 
know, and shall have s^’ further oodmion to see in the course of our 
considerations, that something more than the undigested and indigestible 
remains of the nutrient substances passes into the intestinal excrements, 
for although we have learnt that far less Me passes into the excrements 
than was formerly supposed to be the case, we have seen that the intes- 

* Ann. de Chim. et de Phys. 3 Sir., T. 18, p. 444-478. 
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tinal excretion is by no means in<;onsiderable for certain substances. A 
far smaller quantity of bile and intestinal mucus is, however, secreted in 
a fasting state than in a condition of repletion. Yet notwithstanding 
these uncertainties, Boussinganlt’s results retain their value, for if wc 
were not possessed of these direct determinations, we should scarcely be 
able to obtain evfn an approximately correct idea of these relations. 
We have, therefore, simply given in the following table the results 
obtained by Boussingault’s investigations, according to which the diffe- 
rent substances pass in one hour, in the quantities indicated, from the 
intestinal canal into the blood of a duck. 


OnmmeR. Qnunme*. ChrMumM. 


Dry rice (8‘688 of albumen and 89 
of starch), 


Dry cheese (70’69J of fat), 
Bacon (96-3g of fat), . . 

Cacao seed (48’4g of fat). 
Starch, 


= 4-20 
= 2-50 
= 0-88 
== 1-77 
= 6-26 


(= 0’34 of albumen and 3’86 of starch). 
(= 1‘93 of casein and 0'57 of fat). 

(= 0‘84 of fat). 

(== 0-84 of fat). 


Su^jar, = 5‘62 

Boiled white of egjr, = 1*25 

Casein (anhydrous), — 1*37 

Gelatin (anhydrous), • = 4*40 

Beef (boiled, free from fat), . . . =1*41 


Albumen and gelsitin (649 .* 3000), tK=»[>‘18 (^ 0*92 of albumen an^ 4*26 of gelatin. 


In connection Vith these uncertain determinations, several highly 
interesting considerations here suggest themselves, to which we ^all 
revert at a future page ; contenting ourselves for the present with the 
observation, that the albuminous substances alone are totally insufficient 
for the restoration to the body of the carbon which is lost by respiration ; 
according to Boussingault, a duck expires in one hour 1*25 grammes of 
carbon, whilst the albuminates whick are resorbed within an hour contain 
at most only 1*0 gramme of carbon. Fats or carbo-hydrates must, 
therefore, necessarily be commingled with the albuminates, in order that 
there may be a due compensation in the body for the loss of carbon 
which normally occurs through the respiration. It is still more striking, 
thRt the quantity of fat which is resorbed in one hour should be wholly 
inadequate for this restitution of the carbon ; 0*84 of a gramme of fat, 
which is all that is resorbed during one hour, Contains about 0*7 of a 
gramme of carbon, and, therefore, scarcely half as much as is exhaled by 
the lungs in one hour. The carbo-hydrates are, however, resorbed by 
the intestine in sufficient quantities for the requirements of respiration, 
and it is moreover worthy of notice,4hat Very newlv as much carbon is 
introduced into the hody in equal periods of time by starch ao by the 
absorbed sugar. (For o*26 parts of starch and ^2 parte of sugar 
which are resorbed in one hour, both contain about 2*37 of |i|||||^ 

The very important question here presents' itqplf, <08 to changes 
are impressed upon the blood in consequence of the absorption of Afferent 
nutrient matters ; this being undoiffitedly the fftet ktep we. ought to take 
if we would enter upon the investiga^on of the* nutrition of the animal 
body. Yet notwi^tanding the efforte of numerous admirable investi- 
gators, we are etill very impmfectly acquainted with the most imfiortant 
points of this inquiry. We have alrea<fy referred to the influence whibh 
nutrition in general or digestion exerts on the physical and chemical 
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characters of the blood (see voL.i. p. 631). Very few special investiga- 
tions, deserving of notice, were made in reference to the influence of 
different kinds of food on the constitution of the blood before those of H. 
Nasse,^ with which we may associate an observation of Verdeil® on the 
ash of the blood of one and th^ same dog, which had been fed both on 
animal and vegetable diet. The relative quantity of .chloride of .sodium 
was in both cases nearly the same (508); after the dog had been fed upon 
animal food the ash contained more sulphuric and phosphoric acids, and 
considerably more soda and oxide of iron, but somewhat less potash, and 
very much less magnesia than after a vegetable diet. Boussingault® was 
as little able as Bouchardat and Sandras to discover that fatty food had 
any decided influence on the amount of fat in the blood of dogs. 

Notwithstanding the numerous experiments which have been made by 
Nasse, the number of constant results which they have yielded is rela- 
tively very small, in consequence of the great fluctuations which were 
observed m the oenstitution,pf the blood ; these results reduce themselves 
to the following points : after a meat diet the blood-corpuscles in the dog 
exhibit a greater capacity for sinking,; the blood itself presents a darker 
color, which becomes whitish after the abundant use of fat ; the coagu- 
lation occurs somew’hat more rapidly than pn a vegetable diet ; a con- 
tinuous anim«l diet increases the amountrof fibrin (as I have observed^ in 
my own case,) after living exclusively on purely f-animal food, and 
augfbents the amount of the phosphates and of the salts generally. The 
quantity of fat irf the blood increases even during the first hour after the 
use of food which is rich in fat ; but it speedily falls again. 

The bipod of dogs is for the most part of a somewhat lighter shade 
of color wh^ kept on vegetable than when kept on animal food, and 
the sinking capacity of the blood-cV)rpu8cles is somewhat smaller ; the 
specific gravity of the blood, as well as that of the serum, is increased 
dfuring the first five hours by a vegetable diet (especially if this bo com- 
bined with the simultaneous use of sugar). The amount of fibrin is not 
altered ; iJie'fat, however, is somewhat diminished, whilst the amount of 
the salts including that of the phosphates is somewhat lessened. «. 

Continuous *-deprivati on ’of food renders the blood .somewhat paler in 
color, retards its ooagidatiou, and raises the specific gravity both of the 
bloo^ and of the serum; the number ofi the hlqod-corpuscles is, very 
fluetuating; the fibrin rises only sbghtlyY ivhilo the amount of the salts 
is very considoraDly increased. , 

. After the jalC meal the quantity of t^ solid constituents of the blood 
increases to the niufh hou^ when it agaui begins to sink. 

The fef resnlte which l^se has been able to deduce from .the careful 
labors pfrOsccuted for years, show hovv ,unhble we still are to 

trace tbeVetamorpbosis of tbs nut^'ent matters in pumtion througb its 
individual phases, ^^e lmve 'here a cpnfinuatiou of the remarks which 
ife made in our. iumdimtion, that oi^'lcnowledge.>bf the iuternal meta- 
morphosis of matti^ ia slall extremely incomplete, and that it is only by 
• comparison of the chemical qualities of the different juices a&d tissues, 

' Uobor d«n SiaiulM 4«r N^lumag imf ^ful Hint I860. 

* Apm, d. Ch. n. Phwrm. Bd. OO* 80-»0. , , 

* Attn, de Chifin. ot dft Phy». 8 S^r., T. 24, n. 460-484. 

* Journ. f. pr, Cb. Bd. 27, S. 16. 
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and more especially by carefully conducted statistics of the final results 
of the metamorphosis of animal matter, that we can hope to form a 
correct judgment or arrive at anything like conclusive views. We can- 
not, therefore, trace in detail the final destinies to which the albuminates, 
the fats, the, carbo-hydrates, and the salts are subjected in the animal 
body, nor can we venture to do more than indicate the facts that lead 
us to those considbrations, which we have already given in relation to 
the metamorphosis of matter generally (see p. 887). It, therefore, only 
remains for us to notice, in reference to the chemical phenomena of 
nutrition, the facts and the conclusions to be deduced from them which 
have hitherto been obtained from statistical investigations. 

The next question which must engage our attention in this respect, is 
to determine the amount of food which, under normal relations, is daily 
subjected to the metamorphosis of matter in an adult man, and the mode 
in which the products, intq which the nutrient matters arc decomposed 
diu’ing their stay in the body, are distributed in the excretions. The 
earliest exact investigations of this kind were Inade by Valentin* on his own 
person. His bodily weight being 53 kilogrammes, Valentin found that 
he consumed in the twenty-four Ifours on an*a>^(5rage 2924*08 grammes 
of mixed food ; of the produfcts of metamorphosis which were excreted 
during that time 190*73 gfamme^ were eliminated with the solid excre- 
ments, 2447*70 grammes with the urine,* and 1246*93 graftimes with the 
perspiration ; the ratio of the solid and fluid to the gaseous excretions, 
is, therefore, on an average as 1 : 0*833. This estimate seems tolerabljr 
high for the perspiration ; but it appears from Valentin’s special investi- 
gations, that the main factor which raises the amount eliminated by the 
perspiration is especially the separation of water through the skin, on 
which account this proportion must totally different in animals. 

The experiments of Kawitz,® which were conducted with great patience 
and self-sacrifice, still leave much to be desired in reference to their ex- 
actness ; the mean of twenty-two observations, in which he studied the effect 
of lEany of the most common articles of food, yielded on an average, • 
for a consumption of 1875*4 grammes of mixe<f food, 1136*4 grammes 
of egesta through the intostipe and. kidneys, and 739*0 through the per- 
spiration ; the ratio given by Bawi^ of the solid Snd fluid to the gaseous 
egesta differs, therefore, very considerably from that of Valentin, being as 
1 : 0*650; the Aitio in his individual observations was extremely fluctuat- 
ing, as was also the case with Valentin. 

%g^ determined the ingesta and egesta of a strong mKn, in accord- 
ance with their elementary cCnstituents ; he obtained results which ac- 
corded tolerably well with those of othet observers: it is however 
remarkable, that for 100 parts of the nitrogen whjph was absorbed in 
these experiments (which were prolonged for twelve daysj^nly 50*8 
parts passed into the urine. 

The following o)>servation, in reference tb the excretion of idtr^^n, 
was made by niyself,* on my own pemn: dicing a purely anhEnai diet 

Bmeii. 8 Jakec. ; HandwErtorlnieli dm Pbyrriclogltt. Bd. '2, A, 807-470; 
and PbyaioL 4. Mmmsbm. M. 1, S. 710-780. 

* Veber die dinliusliien NabruBj^iaitteL BeiBe, 1842. , 

• Me^eal Tlmea, 1842, p. 278. < JEewrn f. pr. Ch. Bd. 27, 

VOL. II. 32 
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(eggs), I took daily on an average 80*3 grammes of nitrogen, and dis- 
charged 24*4 grammes by the urine ; hence five-sixths of the absorbed 
nitrogen were again given oflF through the kidneys. 

The best investigation of the statistico-chemical relations of the quan- 
titative metamorphosis of matter in the animal organism, which has as 
yet been made, is due to Barral,* who, however, has merely taken into 
account the elements of nutrition and of the excretibns. lie made five 
scries of observations, two on himself (when at the age of twenty-nine 
years, the one in winter and the other in summer), one upon a boy aged six 
years, the fourth upon a man whose age was fifty-nine years, and the 
fifth upon a woman aged thirty-two years. The combined results of this 
investigation were as follows : 


n 

Daily absolute quantity in grammes. | 


Ingesta. 


Egesta. 

Fluid 
and solid 
•> food. 

Oxygen^ 

Sum. 

Perspired 

water. 

Carbonic 

acid. 

FoUd 
and fluid 
o.xcretioijs 

Other 

los.ses. 

Man aged 29 years, in winter, . . 

27560 

1061*5 

8810-5 ^ 

1287*8 

1230-0 

1205*0 

32-8 

** ** * in summer, . 

2386 0 ' 

777-3 

3163*3 

1141-6 

8R8-4 

1099*4 

33*9 

Boy ^ aged 6 years, 

1896-2 

423*4 

1819-6 

694-7 

6140 

604*6 

6*3 

Man, aged 59 years, . . . . . 

2710*7 

8891 

3599-8 

522-6 

1088*3 

1962*8 

26*1 

Woman, aged 32 years, .... 

2389*6 

886-7 

3226*3 

998-7 

100C*f) 

1191 6 

29*1 


For a healthy adrdt man the egesta, corresponding to 100 grammes of 
ingesta (that is to say, 73*8 grammes of food, in which there were 18’5G 
parts of solid matters and 55'24 parts of water, and 2G-2 parts of 
oxygen), would be distributed in the following manner, namely : 34*95 
grammes of water and 30*55 grammes of carbonic acid would be elimi- 
nated by the lungs and skin, 33*95 grammes as urine and faeces, and 
0*65 of a gramme through other channels. 

If we calculate from Barral’s experiments the distribution which 100 
grammes of absorbed carbon undorgb in its excretion after it has ful- 
filled its functions in the ' organism, we shall find that (ii), an adult man) 
91*59 grammes pass into the products of perspiration, and only 4*58 
grammes intq the urine, and 3*83 grammes into the faeces. According 
to this estimate, more than Pine-tenths of the carbon contained in the 
food are entirely consumed apd converted into carbonic acid. 

If we pursue a similar method of inquiry in reference to the mode of 
excretion of nitrogen, and follow the experiments which Barral insti- 
tuted on his own person, we arrive at the following results : (the nitro- 

f en in the foodtakd^ bj^'Bjirral being to the carbon as 1 ; 12*8 ;) for every 
00 parts of absorb^ niftrogen only 8*33 parts were again excreted with 
the faeces, whiles 42*07. parts were given off with the urine, and 49*6 
parts through the skin and lungs. The relative amount of the nitrogen 
eliminated by the perspiration is here excessively large, and entirely at 

> Compt. rend. T. 27, p. 861, and Ann. de Chim. et de Phys. 8 64r., T. 25, p. 120-171. 
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variance with the experiments which many other investigators have made 
on animals. 

It further appears from the above table, that for every three parts by 
weight of solid and fluid food (that is to say, such food as Barral used 
during the prosecution of his experiments, and which consisted on an 
average of 25'16^ of solid substances), about one part by weight of 
oxygen entered in1:o the metamorphosis of matter. The water which 
was separated through the lungs and skin amounted in all the cases 
(excepting that of the man aged fifty-nine years), to somewhat more than 
the quantity which was discharged by the sensible excretions. It follows, 
moreover, from these experiments, that an adult man oxidizes on an 
average 289*0 grammes of carbon, and 18*6 grammes of hydrogen, in 
the twenty-four hours. 

However carefully these investigations may appear to have been con- 
ducted, they yet can only serve as examples of the manner in which the 
consumption of matter occurs under diflerent relations in the human 
organism ; but as very many conditions whfbh exert an essential influ- 
ence on vegetative life must be wholly disregarded, and as, moreover, 
the method of investigation does hot exclude aif doubt of the accuracy 
of the results even in special* cases, these very meritorious labors can 
scarcely for these reasons, and in ponsequence of their isolated character, 
be of any great service to science, »r furnish any fixed poihta of support 
for more extended conclusions. As was naturally to be expected, the 
comprehensive experiments on animals, conducted by "Valentin and Bous- 
singault, and more recently, and to a still greater extent, by C. Schmidt 
and Bidder, possess far greater certainty, and afford us a deeper insight 
into the combined relations of nutrition in the animal organism. 

Valentin* prosecuted very carefuj investigations on the balance of the 
metamorphosis of matter for three days consecutively on a four-year-old 
mare. The results of these experiments may be thus summed up. The 
quantity of the discharged fasces exceeded in this case, by three or four- 
fold, the* quantity of the urine that was excreted ;.half of all the excreted 
matters was always carried off by the perspiration, and, consequently, 
half of the daily food was again eliminated by the lung.s and skin during 
the twenty-four hours. A larger quantity of w^ter was discharged with 
the faeces than with the urine, and less water was given off by the perspi- 
ration than through the urine and excrements. Th^ quantity of water 
which was daily introduced into the system amounted, to one-fourteonth 
of the mean weight of the body. A larger quantity of organic matter 
was removed with the faces than with the Ufine. Upwards of twice, but 
considerably less than three times the amount of the organic elements 
was eliminated by the perspiration. The quantity of organic matter daily 
consumed amounted to from l-42d to l»4Sd of the mean weight of the 
body ; the organic matters eliminated with the ‘fiaoes ranged from l-189th 
to l-150th of the weight of the body, and those ei^reted with the ume from 
l-208th to l-209th ; and those throng the penpiratbn on an average 
to l-62d of the weight bf the body. By far the greater part of the fixed 
salts was. eliminated with the fmces. About 8-lOths of the fixed salts taken 
up with the food are carried off by the perspiration. The sensible ex- 

‘ Op. oit. 
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cretions consisted on an average of 84*11§ of water, 13’76g of organic 
constituents, and 2'185 of ash ; and the perspiration contained 64’28jj of 
water, 34*678 organic constituents, and 1*058 of ash : the food which 
was daily consumed contained on the other hand 74*758 of water, 23*638 
of organic constituents, and 1*620 of ash. The percentage numbers 
obtained for the food stand between those yielded by the sensible excretions 
and the perspiration. _ '■ 

Boussingault* made a similar series of experiments on a horse and a 
cow. From these experiments of Boussingault, Valentin has drawn up the 
following table in which the total sum of the water, of the ash, and the 
individual elements of organic matter taken up with the food, is placed 
in juxtaposition with the mean numbers of the daily quantities of vrater, 
ash, and organic elements again eliminated through the urine, faeces, and 
perspiration. 


Constt;uentB. 

Total 8 UX 11 of 
the foo^ 



Faeces. 

. . 

UHne. 

Perspiration. 

Water, , . . . 

Carbon, .... 
Hydrogen, . . . 

Oxyg«u, .... 
Nitrogen, . • . . 

Ash, 

Gram meet. 

17864-7 

£988-0 

446-6 

3200-2 

139-4 

672-2 

Grammes. 

10r260 

1864-4 

179-8 

1828-9 

77-6 

6746 1 

Grammes. 

1028-0 

]08-7 

11-6 

84-1 

87-8 

109' 0 

Grammes. 

6611-7 

2465-0 

266-2 

1846-1 

24-0 

12-8 

Sum, .... 

267700 

14260-3 

1880-0 

10189-7 


Hence the elements of the 100 parts of the food consumed by the 
horse are distributed in the following proportions in the excretions : 


Of 100 parts of 


The Pieces. 

The Urine. 

The Perspiration. 

Water, .... 
Carbon, .... 
Hydrogen, . . . 

Nitrogen, . . . 

Oxygen, .... 
Ash, « . • . 

The food generally, 

1 

•a. 

2 ® 

61 -8 per cent. 
34-6 

40- 3 “ 

66-7 

41- 4 « 

86 6 « ^ 

65-8 « 

6*9 per cent. 

2-7 “ 

2-6 “ 

27-1 « 

a-o 

16-2 

5-2 

B2-8 per cent. 
62-7 

67-2 

17-2 “ 

67-6 ‘‘ 

89-5 ‘‘ 


An experiment which was continued for three whole days upon a milch 
cow yielded the following numbersi 


OcNSstltiieiits. 



Total ^ ^ 
amount 
of the food. 

Hilk. 

Fieeei. 

Urine. 

PessplratkxA 

Watw, . . . 4 , 
Carbon, .... 
Hydrogon, . . . 

Oxygon. . . . ‘ . 
Niti«gen, . ; ., 

Aih, . . . . . 

Sum, .... 

Grammes. 

71966*0 

' mii 
«»6-6 
‘ 4084-6 
. 201.-6 
890*0 

'GrammM. 

7888-4 

628-2 

99-0 

821-0 

46-0 

66-^4 

Gramme#. 
24418-0 
1712-0 
208*0 
1508-0 
92-0* 
480-0 j 

“TSSS 

261-4 
26-0 
262*7 . 
86-6 
884-2 

1 

88500*0 

8589<^ 

1 

^ttoeb 

■ «7848m 


' Ann. de Chim. et de Phya. T. 61, p. 128. 
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For the cow, therefore, every 100 parts of the elements of the food 
are distributed in the following proportions in the excreta : 


Of 100 parts of 


ThA Milk. 

The Pe&oes. 

Tho Urine. 

Tho Per- 
spiration. 

• 


P«r cent. 

Per csent. 

Per cent. 

Per cant. 

"Wfttiorj • • • • • 


10-2 

84*4 

10*0 

45*8 

Carbon, 

• .1 

18*0 

26*8 

5*4 

64*2 

Hydrogen, .... 


16-6 

84*9 

4*2 

55*7 

Nitrogen, .... 

S 

22-8 

45*6 

18*1 

13*6 

Oxygen, 

P4 


87*4 

6*8 

48*5 

Asb, ..... . 

The food generally, . 

& 

6-1 

53*9 

48*1 

8 1 


10-8 

84*4 

9-9 

i 

45*4 


It will be unnecessary to consider at the present time the conclusions 
to be drawn from these experiments ; partly because they are self-evi- 
dent from a mere inspection of the table itself, and partly because we 
shall revert to them at a future page, when ^e shall enter upon the con- 
sideration of similar experiments. 

Valentin has also directed his attention to the^listribution of the mlta 
in the metamorphosis of mattef, for which purpose he instituted a com- 
prehensive serit« of experiments <yi a horse. These experiments yielded 
several interesting,results in regard»to the resorption of certain mineral 
substances in the intestine : it was found that lime, phosphoric acid, .and 
the alkaline salts were present in great abundance in the urine (having 
been absorbed during digestion); but that the magnesia occurred only in 
very small quantities. In the ash of the excrement the phosphswte of 
magnesia was to the phosphate of lime in an inverse ratio to that which 
occurred in the food, because 60*2^8 of the magnesia, which had been 
absorbed, was again eliminated with the solid excrements, whilst only 
about 26{) of the absorbed lime was again given off with the fmces. 
(Hence arise the frequent intestinal concretions observed in herbivorous 
animals.) 

A mare whose weight was 935 lbs., and her age four years, consumed 
daily for nutrition and growth, und for other excretions than the faeces 
and urine, 2*025 ounces of lime, 0*125 of an ounce of magnesia, 0*74 of 
an ounce of silica, 0*03S of an ounce of chlorine, 0*64 of an ounce of sul- 
phuric acid, 19^5 ounces of phosphoric acid, and 0*jr6 of an ounce of 
alkalies. • Thus, too, a tolerdbly large proportion of the silica, which had 
been contained in the food, could not be again found in the excrements 
and the Urine. Of the 0*8796 of a lb. pf the silica which was taken in 
the food, 0*0464 of a lb. did not reappear in the excretions ; their ap- 
plication to the formation of the epidefrmis and hair •seems, however, to 
be proved by the amount of silica which was shown to be present in those 
parts by Brunner and Valentin as well as by flompBesanez. 

Boussingault* made a series of experiments v^^th a view of settling the 
^estion whether nitrogen was or was not exhaled- tht’ough the lipgs. 
These experiments, wmch were made on turtle-doves fhd upon millet, 
gave the following result for . the distribution, through the exoremens 
and the perspiratmn, of the elements taken with the food. We have cal** 

Ann. d« Chim. et ds Phys. 8 S4r. T. 11, p. 488. 
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Ciliated the mean of the results of two observations, the one of which ex- 
tended over five, and the other over seven days. 


Of 100 parts of 


To the I'eeces. 

Perspiration. 

Carbon, . . . 

S 

20*3 per cent. 

79-7 per cent. 

Hydrogen, • . 

oB O 

18-7 

81-3' “ 

Nitrogen, . . . 


64*96 « 

S604 “ 

Oxygen, . . . 


19-19 “ 

80-81 “ 


Sacc* made a perfectly similar series of experiments on fowls which had 
been fed on barley, at the same time that they had swallowed chalk and 
sand. These animals (a cock and a hen) had increased 19-18 grammes in 
weight during the seven days of the expeViment ; this increase depended 
upon the assimilation of 12-436 grammes of organic matter and 6-744 
grammes of mineral substances ; if these are abstracted from the food, we 
find from'Sacc’s experiment"?, that the elements are distributed as follows 
in the fajccs and the perspiration : 


ij 

Of 100 parts of 


e ' 

To the Fsepes. 

Perspiration. 

Carbon, . . . 

Hydrogen, . . 


24*6 par cent. 

76*6 percent. 

S o 


77*0 

Nitrogen, . . . 

OD A 

42-2 •• 

67*8 " “ 

Oxygen, . . . 

1 

jd ‘r* 

H ^ 

23*9 

76*1 


C. Schmidt® has recently, in conjunction with Bidder, prosecuted an 
in(i[uiry into the relations of nutrition, and these inquiries are distin- 
guished from all previous investigations of this nature by the exact- 
ness of the methods employed, the Comprehensive determination of all 
determinable amounts, and the copiousness of the results. These expe- 
riments were made on cats and dogs, some of which were abundantly, 
others sparingly supplied with meat, and others again left for a prolonged 
time without any foocU* The nutrient matters and the excretions gene- 
rally were carefully investigated in reference to their proximate consticu- 
ents, as well as to the elements which the^ contained. 

We subjoin a table of the distribution of the elements of nutrition in 
the organism of one of the carnivora, that we m^ be able to add the results 
of Schmidt’s investigation to the above experiments of other observers ; 
the first series of experiments were made on a full-grown cat,*weighing 
3228 grammes, which had as much meat for a week as it could eat. 


Of 100 parts of 


To the Fieoes. 

Tb the Urine. 

To the Perspiration. 

Water, . • . 

Carbon, . * 
Hydrogw, 
Nitrogen, . . 

Oxjrgen, . . 

Snlpbur, . . 
Salts, .r , • 

•g * 
§ 1 . 

1 

M 

*1 

1*2 per cent 

1-1 « 

0^2 

0*2 ** 

60*0 

92*9 » 

82*9 per cent 

96 

23*2 « 

, 99*1 « 

4-1 « 

60*0 « 

7*1 “ 

15*9 per cent 
89-4 

76*6 

0-7 

95*7 


* Ann. d. Cb. n. Pharm. Bd. 52, 8. 77. 

* VerdannngBB’dfte and StoffweebseL S. 289-413. 
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A comparison between this table and the previous tables, calculated 
from experiments on herbivorous animals, exhibits very considerable 
differences in reference to the distribution of the elements in the car- 
nivora and the herbivora; but the most striking feature of this ex- 
periment vanishes when we consider that carbon and hydrogen are for 
the most part conveyed to the latter animals in an in^gestible form, 
and that to a certsun extent this is also the case with the nitrogen, which 
is enclosed in the shaffc of albuminates in the cells forming the husks of 
the grain, which are extremely inaccessible to the passage of the diges- 
tive fluids. 

We at once see that the water is absorbed in much smaller quantity 
from the intestine in the herbivora than in the carnivora ; the difference 
here is extremely great ; in horses and cows, on an average only half 
of the water which entered the intestinq was absorbed, but in the car- 
nivora, as was shown by Schmidt’s other experiments, the quantity 
amounted only to l}{,’or at most 4f|. If wo disregard the qnantities of 
the other elements which remain in the ’intestine, we find that in 
tlie herbivora, a very small portion, from 15g to 20{{ only of the Virater, 
which is either absorbed or formed, is eliminal^d through the kidneys, 
whilst in the herbivora as muc'h as 4-5ths of the absorbed water passes 
into the urine? The fact that the absorbed carbon is excreted in far 
larger quantities , through the lungs in the herbivora tHan the carni- 
vora (the relation of the carbon in the urine being as 1:19 ia the 
former, and as 1:9-5 in the latter) possibly depentjs solely upon the 
nature of the food, and not upon any special relations of the organism ; 
for the non-nitrogonous matters become almost completely decomposed 
into carbonic acid and water, and hence they yield absolutely nothing, 
or only a very small amount to the urine, whilst the products of de- 
composition which are produced from the albuminates yield their nitro- 
gen to the urine, although -always in combination with certain quanti- 
ties of carbon. We thus obtain a kind of check for our calculations of 
the urine and respiration. In the same manner we find in reference to 
tljp hydrogen that relatively much less is eliminated through the kidneys 
in the herbivora than in tlie carnivora. (The ratio of the hydrogen 
excreted through the urine is to that eliminate^ through the lungs as 
1 : 23-0 in the herbivora, and as 1 : 3*3 in the carnivora.) The case 
differs in respSet to the nitrogen ; for the horbivorj frequently excrete 
by perspiration as much as 40J of the nitrogen they had absorbed, 
whilst the carnivora scarcely eliminate as much as Ig. Earlier inves- 
tigations have taught us that the urine of the herbivora is poorer in 
nitrogen and in urea, the substance in which it ia carried off, than 
that of the carnivora, which (as Schmidt has als# observed) ia very 
often scarcely anything more than a saline solution of urea. It would, 
therefore, almost appear as if the process of :0xidatiDn were so far more 
abundant in the herbivora than the camivorq^thqt in the organism of 
the former the albuminates were decomposed even beyond what was ne- 
cessary for the formation of urea ; and on this account,*the urine of the 
herbivora is entirely deficient in the em*lier product of the disintegration 
of the albuminates, namely uric acid. 

When the metamorphosis of matteV is effected in the organism without 
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any compensation from without, the proportions of the elements of the 
urine to those of the perspiration are almost exactly the same as in 
feeding with fat meat, and hence, for the sake of brevity, we shall omit 
all further details. 

If we pause for a moment in our consideration of the excretion of the 
elements, we shall find the most decisive confirmationj in two interesting 
series of experiments by Schmidt, of the proposition' first enounced by 
Liebig, that the bile is not only resorbed in the intestine, but is also con- 
sumed, and for the most part separated through the lungs. Thus, for 
instance, we find from the statistical observations made by Schmidt on 
two dogs having biliary fistulse, that whether the animals had had a 
very abundant or only a scanty flesh diet, from lOg to 128 of the absorbed 
carbon, and from 118 to ISg of the absorbed hydrogen were excreted by 
the bile, and that this loss was not uniformly distributed through the 
excretions, but was exclusively limited to the products of respiration. 
Only 38 or 3" 2 8 of the absorbed nitrogen passes into the bile, and this 
is as nearly as possible the quantity which is missing from the urine. 

We regret that we are compelled to deviate from our general rule in 
respect to' this comprehensive inquiry, by omitting to confirm by nume- 
rical data the facts and conclusions that have been advanced ; but had 
we done otherwise we should have been obliged to transcribe the whole 
of Schmidt’s bbservations, as he has merely given the most necessary 
empirical results. We must, therefore, content ourselves with giving 
the most important coticlusious deduced from his inquiries, more espe- 
cially as many points referring to the individual factors of the metamor- 
phosis of matter would have been introduced in the proper place, had 
we been earlier acquainted with the special details of these admirable 
labors. 


We learn from the experiments on cats, that for 1000 grammes ’weight 
of these animals there are required in the twenty-four hours at least as 
much as 44-118 grammes of flesh to maintain the original bodily weight, 
and that in addition to this, -18*632 grammes of oxygen must be absorbed 


in order to apply this nutrient matter to the wants of the organism ; and, 
consequently, that the minimum of food for the carnivorous animals ex- 
perimented upon averages, according., to this observation, about l-23d, 
and the necessary oxygen about l-55th of the whole weight of the body. 
On the other hand, .when the animals are kept without food, only, 22*118 
grammes are lost in the course of twenty-four hours from the whole 
weight of the body by l^ie excretions (between the third and the ninth 
day), to the metamorphosis of which 16*749 grammes of oxygen are ap- 
plied ; the body loses, therefore, during the first eight days of iufuiition 
only about l-46th .uart of its weight in the twon^-four hours. But 
when cats are supplied with as much flmh as they will eat, they ar^ 
able to absorb such <■ excessively large qfiantities of it in the metamor- 
phosis of matter,* that^the. flesh they consume amounts to l-19th, and the 
oxygmi absorbed with it to almost l-24th part of their bodily weight. 

When we compare the products of excretion yielded during a scanty 
and an abundant supply of flesh, “we find that the quantities of the 
excretions stand in a direct relation to the amount of nourishment, 
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and that, consequently, the increase or diminution of the food exerts no 
influence whatever on the proportions between the diflerent excreta, or 
on their quality ; the ratio of the absorbed oxygen to that in the ex- 
haled carbonic acid, is in all cases the same, namely, as 100 : 79*3. The 
ratio between the expired carbonic acid and the expired water becomes, 
however, changed^ when a larger amount of animal food is taken ; thus, 
for. instance, in one case it was found that on a scanty flesh-diet 76*6 
parts of aqueous vap5r were expired for 100 of carbonic acid, while on 
an abundant flesh-diet there were only 42*16 parts of water to 100 of 
carbonic acid ; hence in the latter case a relatively larger quantity of 
water must be separated by the kidneys, as indeed Schmidt’s determina- 
tions have also shown ; for the ratio of the perspired aqueous vapor to 
the waten excreted by the kidneys and fsecesis 23*3 : 76*7 in the former, 
and 17*84 : 82*16 in the latter case. On a scanty flesh-diet, water being 
at the same time withheld from the animals, the ratio of the car- 
bonic acid to the expired aqueous vapor, bepamo so far changed that for 
100 parts of carbonic acid 80 parts of water were exhaled by the 
skin and lungs, and hence in thjp case there yas relatively less water 
separated by the kidn^s th|jn on a scanty ftesh-dict withdut the de- 
privation of water, ifhese proportions are best seen in the following 
comparative tdble which we havo calcul 9 ,ted from Schmidt’s results. We 
take the flesh that was consumed (that is to say, its dry residue) as the 
unit, and calculate the amount of solid matters which pass away m the 
urine and fsecea, the perspired carbonic .acid and aqueous vapor, but 
exclude the quantity of water that has been taken and that is separated 
by the solid and fluid excretions. I. has reference to the metamorphosis 
of tissue when the minimum quantity of food was taken, there being at 
the same time free access to watov. II. The greatest possible quantity 
of food and unimpeded access to water. III. A normal flesh diet (that 
is to say,, one with which the weight of the body remains constant) 
without water. These three experiments were made on the same animal, 
an adult male cat weighing 3200 grammes.* . IV. has reference to a* 
^ung cat weighing 1170 grammes which was allowed an excess of flesh 
and water ad libitum. • 


1 #' 

• 

I, 

« 

II. 

III. 

IV. 

Dried flesh, 

1000 

1000 

100-0 

1000 

Absorbed oxygen, 

1670 

166-0 

167-3 

166-2 

Solid residue of the urine, .... 

81B 

80-4 

30 6 

31-4 

“ the fsDces, .... 

1*7 

2-5 

1-7 

20 

Expired carbonic acid, 

182 0 

181-4 

182-6 

181-4 

aqueous vapor, 

187-6 

76-4 , 

» 152-6 

128*7 


It is sufficiently obvious from this review that th^ elementary analysis 
which flesh t^en as^food may be regarded m undergoing in the living 
body, gives in the normal state as accurately defined values as if it 

* [A manuka haa jaat appeared by Dra. FalA* andSoheffer, ‘‘CSi tbe nstamorpbosia 
of matter doriiH; tbe deprivation of .water,” wfaioh I bare not had an opportonitj of 
eonaulting. An abstract of it ia given by Dr. Weber, in hie “ Annale of Physiology,” 
in die IMtiah'and For^gn Mediob-Chimr^pid Review, vot. 14, p. 253. — a. a. n.] 

» Ana. ffir physiol. Hallk. Bd. IS, A Cl. 
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underwent a mere process of fermentation or combustion ; hence under 
all conditions, as the above table shows, 1 part of dry flesh is decom- 
posed in the ^ving body with the co-operation of 1'67 parts of oxygen 
into 0'31 of urinary substances, 0*02 of faecal matter, and 1’82 of 
carbonic acid. The conclusions which may bo hence drawn regarding 
the general metamorphosis of matter in the animal body and especially 
in the carnivora, are too self-evident to require notice. 

Since the lean flesh which Schmidt supplied to*'the cats employed in 
those experiments, contained 19*56g of albuminates and gelatigenous 
substances, 4'745{ of fat, l*00g of inorganic matters, and 74*708 of 
water, while there are contained in the solid residue of the urine, on an 
average, 85*58 of urea, and 14*50 of salts (containing 2*80 of sulphuric 
acid), and in the dry solid excrements, on an average 630 of biliary 
residue, we obtain the following comparative results for 1000 grammes* 
weight of a carnivorous animal (cats having been employed), if we 
assume thaft an animal consumes 50 grammes of fresh lean flesh in 
twenty-four hours for every tilogramme's weight. 


A cat, for every ](nogTamme*B weight, takes in 
24 hours, 

Water. 

Albuminates 
akd gelatigenous 
matters. 

Fat. 

Salts. 

CO OOO gramm<>8 of flesh, . . . 

21 *^25 “ « of oxygen, . . . 

r 

71*126 grammes. 

37*»6b 

9 728 


0-610 


A cat, for every kilogramme’s weight, 
gives off, in 24 hours, 

Water. 

Carbonic 
, acid. 

Urea. 

Salts. 

Fseoes. 

Bile. 

89 -468 grammes of perspiration, 

16 446 

23-023 





80-761 ** of urine, 

26-839 

. . . 

3-63 

0-669 



0-806 “ of fsDces, . 

0*681 

. . • 

a • 

0041 



71 126 grammes. 

- _ ^ 

43-966 



0*610 

0*039 

0-186 


We need scarcely •observe that the excess of water in the excretions, 
amounting to 6 * 616 , corresponds to the water which is formed by the 
process of respiration ; the augmentation of "the salts is due to the oxida- 
tion of sulphur. 

While our preceding observations have had reference to the metamor- 
phosis of tissue in full-grown animals, which are undergoing neither an 
augmentation nor a diminution of their bodily weight, we now proceed 
to the determination' of 'those relations of nutrition in which either the 
food is not sufficient to maintain the normal weight 'of the organism and 
the energy of it^ functions, or when an augmentation of the weight of 
the body, growth or fattening, is going on. 

We can nere include in a few wor& all that need be said regarding 
the conditions which seem to render the nutriment intuffieient for a 
given organism, since the consideration of this point necessarily arises 
from our previous remarks. The nutriment may be insufficient either 
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in its quantity or its composition. We have already attempted, in so 
far as the present state of our knowledge allows us, to answer somewhat 
in detail the question regarding the quantity of food that is requisite to 
retain the organism in its normal state ; but we have not Stored so fully 
into the question regarding the quality of the food requisite to keep the 
body in a thriving condition. Although the subject has been already 
noticed in the preceding pages, and it might be concluded d priori from 
the facts there laid dibwn, that only such a nutriment could permanently 
support the integrity of the organism, as contains all the essential 
elements of food, namely albuminates, fats, carbo-hydrates, and certain 
salts, it yet remains for us to mention the experiments made by Bons- 
singault, which yield a positive proof of the correctness of these views. 
Even in what are now considered the older works on physiology, wo find 
a description of the experiments of Tiedemann and Gmelin, who failed 
in keeping geese alive on an abundant diet of white of egg. The expe- 
riments made under the direct observation of the Paris Academy on the 
questionable nutrient power of bone-ge‘lat*n and of gelatigonous tissue, 
afford us sufficient evidence tha^this nutrient power cannot bo concen- 
trated into a single chemical compound, evep if it be of a somewhat 
complex nature. 

Accurate quantitative determinations regarding the influence upon tho 
animal organism of food which ia insufficient in quality Vere first insti- 
tuted by Boussingault, and were especially conducted ^n reference to 
certain agricultural points. We have previously alluded to those experi- 
ments of this chemist,* by which he demonstrated the importance of salt 
for the well-being of the organism — a fact which has been subsequently 
confirmed by the researches of Plouvicz® and Dupasquier.® The most 
decisive conclusions in reference to this subject are however afforded by 
the investigations which have been carried on by Boussingault,* Playfair,* 
Thomson,® Payen and Gasparin,^ Persoz® and others, in reference to the 
fattening of animals with various kinds of fodder. Since we shall sub- 
sequently revert to the influences which most essentially affect the aug-' 
mentation of the weight (during growth or the process of fattening) we 
wall here merely give the .results (by way of illustration) which Bous- 
singault obtained in his experiments on cows.. Potatoes and beet-root 
alone were insufficient to nourish a cow (that is to say, to retain it at 
the same bodily weight), even when these kinds of food were supplied 
to the animal in very great excess. It follows from these, as well as 
from certain earlier investigations, that every kind of food is insufficient, 
(1) if it cannot be taken in such large quantities that its nitrogenous 
matters may serve to replace the organic particles rendered effete by 
the metamorphosis of tissue, (2) if its digestible constituents do not con- 
tain sufficient carbon to supply the carbon which is lost by the respra- 
tion and other excretions, (3) if it does not con^aiir sufficient salts, espe- 
cially phosphates, and, (^) consequently we find that a certain quantity 

' Aim. de Ghim. et de Flivs. 8me S€r. T. 19, pp. 117-123. 

* Bullet, de I'Aosd. de M«d. T. 14, pp. 1077-1086. 

* Jenna, de Pharm. Sme S4r. T. 9, pp. 809-844. 

* Ann. de Ghim. et de phya. T. 12, p. 158. * Fhiloaopli. Magas. Vol. 22, p. 280. 

* Trans. Med. Gmr. See. Vol. 29, pp. 827-940. 

’ Compt. rend. X. 18, p. 797. » Ibid. p. 246. 
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of fat in the food, notwithstanding the simultaneous presence of carbo- 
hydrates, if not positively necessary, is yet very desirable in order to 
retain the orgwism in a healthy condition. 

It seems placed almost beyond doubt, by these experiments, that the 
proportions in which these factors of nutrition are mixed in .the food 
exert the most decided influence on the welfare of tjie organism, and 
that the intermixture of the different factors of nutrition is essential for 
the metamorphosis of matter. Gh*eat as are thp fluefuations which nature 
allows in these proportions, an undue preponderance of one or other of 
the factors always acta injuriously upon the due course of the process of 
nutrition : no single section of this process can go on without the con- 
currence of all these factors ; thus, for instance, all these experiments 
teach us that the carbo-hydrates alone are not suflScient for the forma- 
tion of fat in the animal body ; in order that fat may be formed, protein- 
bodies as well as salts must co-operate in the metamorphosis ; and it is 
only by the*" mutual action o^ these substances that a formation of fat 
can possibly take place. Had the results of tbs’ above-described experi- 
ments been duly considered, such a serjbs of observations as that insti- 
tuted by Leitellier,^ who ^ed turtle-doves o,n sugar, would hardly have 
been necessary. Letellier having determined the quantity of fat in 
doves of equal age, weight, &c., fed similar animals for a long time with 
sugar; the bir^, several of which dfed after eight Aays, lost on an 
average 5'1 grqfnmes, or 3'43 of their bodily weight daily; when a little 
pure albumen was tadded to the sugar as food, they died at a somewhat 
later date, having lost daily 2*3 grammes, or 1‘538 of their weight. 
While the amount of fat in the healthy birds before the commencement 
of the experiments was '20*88 grammes, or 16g, the amount after death, 
in those which had been fed on pure 'sugar, was only 11*3 grammes or 
7*363, and in the case of those which had simultaneously received albu- 
men (and when life was therefore somewhat prolonged) it was only 1*57 
grammes or 3*153. Indeed even after feeding them with butter, the 
‘ birds «unk, and there was a considerable loss not only in their bodily 
weight, but even in their fat. (The daily loss of bodily weight was 3*25 
grammes or 2*823, altogether more than half the original quantity 
of fat disappeared, there being only 7 % after death.) The animals, there- 
fore, sunk in this, es in the other cases, with all the symptom^s of inanition, 
while the process',' whose most essential requirements were present, not 
only failed, but could scarcely be said to have commenced. Hence this 
proposition, which we previously regarded as resting on many inferences, 
may be considered to be definitely proved by these experiments. * ’ ' 

This coiwideration directly leads us to the quantitative relations of 
the metamorphosis of tissue, when all tolid food ia withheld. In refe- 
rence to this point we will first mention a series ef observalions made by 
Boussingault, which ere closely connected with those of LeteHier, whipn 
we have just described. Boussingault’e experiments were also inade on 
turtle-doves, whic,h were kept fbr seven days without ai^ solid food ; 
they lost daily 4.123 of their bodily weight, and 2*6963 (o* their weight) 
of carbon by the respiration, having exhaled daily 8*7223 when fed upon 
millet. The greeb, bilions-looking, slimy excrements, with which only 
' Aim. de Ghlra. et de Phys. T. 11, p. 488. 
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a few detached white patches of uric acid were mixed, averaged daily, 
when dried, 0'210g of the weight of the body. The excrements con- 
tained 31’95g of carbon, 4’35g of hydrogen, 24*748 of nitrogen, 28*328 
of oxygen, and 16*408 of ash. A bird weighing 187 ^grammes lost, 
therefore, daily during its starvation 0*1257 of a gramme of carbon, 0*0171 
of a gramme of hydrogen, 0*0974 of a gramme of nitrogen, and 0*1114 
of a gramme of'oxygen. Now if we assume with Boussingatilt, that 
dry blood (after the deduction of the ash) contains 54*48 carbon, 7*58 
of hydrogen, 15*90 of nitrogen, and 22*28 oxygen, and that the 
amount of nitrogen exhaled by the lungs is equal to half of that which 
is contained in the excrements, it follows that the bird experiences a 
daily loss of 0*1455 of a gramme of nitrogen, which is equivalent to 
0*915 of a gramme of dry blood. In this 0*915 of a gramme of blood 
there is, however, only 0*498 of a gramme of carbon ; and since the bird 
discharged 2*532 grammes of carbon daily in carbonic acid and the ex- 
crements, it obviously follows that 2*034 grammes of the consumed car- 
bon must have been yielded by fat. 

No experiments on the subject of inanition are so worthy of notice as 
those of Chossat,' whose carefuf observations jfere continued for years, 
and embraced mammals, birds, and amphibia. In twenty-four cases, in 
which Chossa* caused turtle-doyes to die from starvation, the greatest 
daily loss of weight was manifested on twenty-two occ&sions at about 
the middle of the experiment, and twice on the day ^n which*death 
occurred (excluding in this calculation the first dav in which food was 
withheld, as some nutrient matter might then be ta&en up by the body 
from the contents of the intestinal canal). For some hours before death 
the body underwent no additional loss of weight. Taking the entire 
loss of weight which the animals suffered from the commencement of the 
experiment to their death as 1, it appeared that during the first third the 
loss was 0*398, during the second tmrd it was nearly 0*260, and during 
the last third 0*847. 

The entire loss of weight which the starving animal undergoes pre>^ 
'^ously to its death varies very considerably with the species ; thus Chos- 
sat found that rabbits (taking the mean of five experiments) died when 
they had lost 87*40 of their weight ; guinea-pigs (five experiments) when 
they had lost 33*00 ; turtle-doves (fifteen experiments) when they had 
lost 37*90 ; domestic pigeons (twenty experiments^ when they had lost 
41*60; Imns (two experiments) when they had lost 52*70; and crows 
(one experiment only being made), when they had lost 31*10. As an 
average of all the forty-eight experiments 39*70 seems to be about ^e 
loss of wmght which the body undergoes previously to death by starva- 
tion. Hence in the higher animals the organisig loses frdm 1-dd to 
2-5ths of its weight before it succumbs to starvation. 

Taking the averages in Chossat’s experiments, it was found thatlbhe 
mamm8da,ihmng the process of statration, loft dsUy 4*00 of ^eir weight, 
and the birds 4'4^ the mean of all the observations on both claesM being 
4*20. We. fittd, UMsrefore, that the animal body loses daily about l-24th 
of its mass the metamorphosis of its tissues ; a result which m in the 
most OMupIete accordance with the result which had been already ob- 
Bedterohes «zp4riiMiit»lM but I’inaaitioa. Paris, 1848. 
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tained by a different method (see p. 604), namely, that the daily quantity 
of properly selected food which an animal requires must amount to at 
least l-23d of its bodily weight. 

Chossat has ascertained and compared in pigeons the relative losses of 
weight which each individual organ undergoes in cases of starvation — an 
investigation of the highest importance in relation to general physiology. 
We must here confine ourselves to the mere enumeration of the following 
results : the greatest amount of loss was experience?! by the fat, 93‘38 of 
this substance disappearing during the process of starvation ; the blood 
suffered next in proportion, its loss amounting to ; of the muscles 

there disappeared 42’3J{ ; of the bones only 16"7|{ ; and of the nerves the 
least of all, namely 1‘9g. If we compare, as Chossat has done, the total 
loss of bodily weight with the absolute amount of loss of the individual 
organs or tissues, it follows that the daily diminution of bodily weight 
may. be thus subdivided : half may be referred to the muscular tissue, a 
quarter to the fat, and the remaining quarter to all the other organs. 
Hence it is chiefly the products of decomposition of the muscular tissue 
and of the fat which are represented in^ the excretions. 

Two ver;^ carefully conducted series of observations on inanition have 
been made by Bidder and Schmidt on ca!ts. In one case the animal 
only sometimes obtained a little water j iu the other case water was 
artificially inje'bted into the stomach;- The first series of experiments 
was made upon a cat weighing 2,672 grammes, which had been previous- 
ly employed in a ^ries of experiments on nutrition. The animal died 
on the eighteenth day of starvation ; the loss of weight was tolerably 
constant from the third day to the peViod of its death ; on tho whole it 
lost 1330'8 grammes or 51’7o of its weight, the average daily loss con- 
sequently being 73*9 grammes or 2*87i^; these numbers, as we perceive, 
far exceed those found by Chossat. During the whole duration of the 
experiment, the loss of weight was tolerably steady ; from the first to the 
eighth day it corresponded to the quantity of carboii that was expired 
to 0’582 of the wpight of the body) ; subsequently the amount of 
carbonic acid which was excreted sunk less than the bodily weight : ^t 
was only during the last two days that the, excreted carbon sunk very 
considerably as compare*)^ with the losa of bodily weight. 

The secretion of urine at first diminished in a far more rapid pro- 
portion than the bodily weight, but afterwards, till the bixteenth day, 
the loss proceeded in each in almost the same proportion ; the urine, 
like the carbonic acid,'- diminished considerably during the last two 
days. The urine was richer than usual in phosphoric and sulphuric 
acids; tho chlorides disappeared after the first few days. Tho ratio 
between iJle sulphuric and phosphoric acids in the urine remained con- 
stant during the whole period of inanition. 

From the tenth day o£ inanition all the bile that was secreted passed 
into the fseoes. (Schmidt had calculated the quantity of bile which this 
animal should secrete from observations on cats in which biliary fistulm 
Imd been formed ; see vol. i. p. 474.) The ingestion of water was found 
at every period of inanition to increase the urinary-^ secretion and all its 
constituents, but it did not affect the exhalation of cm'bonic acid gas ; 
hence we must conclude, with Schlhidt, that the augmentation of the 
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urinary secretion does not in any way depend upon a greater intensity 
of the process of inanition, but that it is solely dependent upon the cir- 
cumstance that the urinary constituents, accumulated in the blood, are 
more rapidly eliminated by the agency of the water. 

Since the muscular substance (with the connective tissue), when freed 
from fat, contains, according to Schmidt’s analysis, 60*08 of carbon, 
6*578 of hydrogeti, 15*07 § of nitrogen, 21*438 of 1*068 of 

sulphur, and 6*868 of»mineral substances, we may calculate the amount 
of muscular tissue which is destroyed during the process of inanition by 
the amount of nitrogen contained in the excretions. Since during the 
whole process of inanition 30*807 grammes of nitrogen are given off 
externally, it follows that 200*43 grammes of muscular substance, free 
from water and fat, must have been consumed during these eighteen 
days. Since, further, 205*96 grammes of carbon were given off during 
the whole process, while only 102*24 grammes of this substance were 
contained in the 200*43 grammes of muscle, the remaining* portion of 
the excreted carbon, amounting to 103*72 ^ammes, must arise from the 
oxidation of the fat. As fat contains on an average 78*1328 of carbon, 
132*76 grammes of this substance ^nust have be^ oxidked. The animal 
has therefore lost, during the eighteen days’ starvation, 200*43 grammes 
of muscle, and 132*76 grammes^ of fat ; but the whole loss of weight 
being, as has been already mentioned, 1264*8 grammes, ft follows that, 
with this loss of muscle and fat, there must have been a separation of 
927*62 grammes of water. This amount of water is paore considerable 
than it would have been if it had been merely the water pertaining to 
the lost muscular tissue which had been excreted ; according to Schmidt, 
only 204*43 grammes of water pertain to that quantity of muscle ; hence 
653*5 grammes were abstracted fropa the remaining organs, which, more- 
over, on dissection, exhibited the appearance of being very poor in water. 

Moreover, according to Schmidt’s calculation, 76*6 parts of carbon 
are, on an, average^ given off for every 100 parts of oxygen that are 
absorbed during inanition. Of every 100 pa^ts of water that were 
separated, 41*72 parts were given off in the perspiration, and 58*28 parts 
by the urine and fasces. Wjth every 100 parts of carbonic acid, there 
were 75*15 grammes of water pqfspired. Schmidt has, moreover, de- 
termined the loss of weight qf the muscle and fat for each indiiddual 
day, from the Amount of the excretions, in the sam^ manner as we have 
calculated the loss which these tissues undergo during the whole process 
of inanition. It follows fr<Hn these calculations that the quantity of 
muscular substance which undergoes decomposition sinks very considerably 
in the first two days (almost 508), then to the ninth day it remains 
nearly stationary, from the ninth to the sixteenth day it again sinks very 
slightly, but on the last two days rapidly and very considerably. On 
the other hand, the quantity of the fat which i« daily oxidised remains 
neu'ly the same from the beginning of the inanition to its terminatitm. 
On an average the loss of muscle which an animal e:raorienced in 24 
hours was 0*6118 of its weight at the time, while the corresponding loss 
of fat was 0*4228 5 yielded 2*168 of carbonic acid, 1*68 

(perspired) aqueous vapor, 0*208 of urea, 0*0088 of sulphuric acid 
0*0118 of phosphoric acid, 0*0298 ^f inorganic urinary constituents. 
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0-®80g of dry fseces (in which was 0-02o of biliary residue), and 2-242 of 
fluid water separated with the urine and faeces. 

In the second series of experiments Schmidt employed an adult cat, 
weighing 3047-8 grammes, into whose stomach 150 grammes of water 
were daily injected from the commencement of the process of inanition. 
The observations were only continued for one week, during which time 
the animal had lost 438*0 grammes in weight, ami therefore 62-57 
grammes daily. The daily excretion of nitrogen was 0*578, and that of 
carbon 4-740 for 1000 parts (by weight) of the animal ; consequently, 
for 100 {ihrts of the bodily substance 0*3835 of a part of muscle, and 
0*3613 of fat were disintegrated, and together with 1*4670 parts of water 
were daily removed from the animal through the agency of 1*5749 parts 
of oxygen. It is obvious, from these numerical results, that the meta- 
morphosis which occurs during inanition is considerably diminished by 
the abufidant use of water ; that is to say, that the body, during the 
process of. starvation, experiences far less loss in albuminates and fat 
when water is freely allowed, tnan when (as was in part the case in the 
first set of experiments), there is a deprivation of this fluid. 

Like C^ossat, Biddei*^ and Schmidf have attempted to determine the 
amount of loss of each individual organ daring inanition. The body of 
the animal, which was employed in the first series of experiments, was 
used for this determination of the dLflierent weights. It appeared that, 
during the eighteen days’ inanition, the blood experienced the greatest 
loss, namely, 93*7js of its original weight; next in order to the blood was 
the pancreas, which lost 85*42 ; the loss of the adipose tissue with the 
mesentery was 80*72 > muscles and tendons, 66*92 ; that of 

the brain and spinal cord, 37*6 ; and of the bones, 14*32 • 
porienced by the kidneys was the lea^t, being only 6*22. If is apparent 
from these determinations that the loss of weight in the body is mainly 
owing to the destruction of the muscular tissue, the blood, and the fat. 

We must here mention certain experiments of 9 . Scherer’s,' which, 

' although they only have reference to the urinary eicretion, are of especial 
interest, as having been instituted in the human subject. He found that 
an adult man, for every kilogramme’s weight of his body, dischargecTin 
twenty-four hours 29*5 grammes of ufine, in which there were contained 
28*4 grammes of water, 0*420 of a gramme of urea, 0*335 of a gramme 
of salts, and 0*346 of a gramme of extractive matters ; while an insane 
patient (a man eged 50 Jrears), who had resolved on starving himself to 
death, discharged:, in a similar time, and foi^the same amount of weight, 
only 11*07 grammes of urine, in which were 0*176 of a gramme of urea, 
0*167 of a gramme of salts, and 0*198 of a gramme of extractive matters. 

Hence we amoupt of urine in^the starving man stands to that in the 
man living on an ordinary diet in - the ratio of 1 : 2*6, while the solid 
constituents are as 1 : 9*4, the urea u 1 : 2*8, the salts as 1 : 5, and the 
extractive matters as 1 : 1*7. It is ^ very striking fact in these experi- 
ments, that at the very time when no nutrient matter is supplied to the 
organism, and tfhen were is no excess of oomhostible mateijals for the 
process of oxidation, relatively more extractive matters were excreted 
than by the man living on his ordinary diet. 

* TerhiSadL d. ph 78 .-med. Ges. k Wunbnrg. Bd. 8, 8. 187-100. 
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We now pass to the consideration of those relations of nutrition which 
are accompanied by an increase of bodily weight. This increase may 
possibly depend upon the typical augmentation of the individual organs 
within the limits of the highest development to which the organism can 
attain — consequently, upon growth. Although all the organs do not 
progress uniformly in this typical development, they yet simultaneously 
participate to a greater or less extent in this general increase and evolu- 
tion, — the increase of one or other organ preponderating at the different 
periods of life. These are well-known facts, derived from anatomy and 
general physiology ; but they draw our attention to the diflSculties which 
oppose our endeavors to determine the metamorphosis of matter and 
the conditions of nutrition at this period of life. 

An increase of bodily weight is, however, quite possible after the 
terminations of growth ; and daily experience shows us that this aug- 
mentation manifests itself more especially in two directions, nlbicly, "by 
a true hypertrophy of the most vitally active organs, as, far instance, 
the muscles, or by a more abundant de|Tosftion of adipose tissue in the 
panniculus adiposus of the skin, in the mesentery, &c. ; but although this 
increase may be regarded as a ndVmal conditioij*of the humiim organism 
at a certain pCf'iod of life. It very frequently, however, assumes an 
abnormal or pathological character at this age. A similar remark refers 
equally to the fattening of agricultural Stock, — a process %hich consists 
essentially in an augmentation of the fat in the organism, and very^ften 
assumes a course very different from that of normaJ^nutrition ; for we 
cannot regard the development of a fatty liver in geese, or the frequently 
observed partial disappearance of the nitrogenous constituents of organs, 
as, for instance, the. muscles, in certain modes of fattening, as normal 
processes. Unfortunately, howevef, we are not entirely in possession of 
the conditions necessary to give any one special direction to the process 
of nutrition, by which we might bo enabled to determine the relations 
already indicated. The difficulties which the unequal development of 
heterogeneous organs oppose to the determination of the metamorphosis • 
of matter during the period of growth, depend upon the circumstance 
that we are not able to mak^ nutrition assume any special form, cither 
by means of food or any other extq^nal relations. The ingenious combi- 
nations of Liebig have sufficiently shown us the ‘conditions under which, 
independently ftf proper food, a more abundant deposition of fat may be 
formed^n the animal organism ; and many of the investigations prosecuted 
by Bbussingault and his pupils have confirmed this by the most striking 
proofs. Daily experience has further taught us that increased exercise 
of the organ gives rise to an increase of volume and weight exceeding 
the normal growth, whilst the deposition of fat is, at all events very 
greatly favored by- the opposite relations. But although we have ac- 
tually arrived at many general and clear ide^ of these relations by 
means of laborious investigations and ingenious deductions, we cannot 
boast of being in pdbsession of clear ideas based upon thoroughly exact 
inquiries. In accordance with the object of the present Vork, we abstain 
from all diffuse disquisitions and involved deductions, and limit ourselves 
to the facts yielded by exact inquiry, 
voi. n. 8% , 
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Boussingault* has instituted some experiments on pigs, with a view of 
ascertaining the development of the osseous system, and with special 
reference to the mineral constituents. 

I. A newly born pig weighed 650 grammes ; its dried skeleton 48*25 
grammes; the ash 20*73 grammes. 

II. A pig aged 8 months weighed 60055*0 grammes^ its dried skeleton 
2901*0 grammes ; the ash 1349*5 grammes. 

III. A pig aged 11^ months weighed 67240^ grammes ; its dried 
skeleton 3407*0 grammes; the ash 1686*0 grammes. 

The ash of these three skeletons, when burned perfectly white, 
contained : 



I. 


IIL 

Phosphate of lime, 1 

841 

91*8 

92*4 

Phosphate of magnesir., t, . . 

31*0 

3*6 

3'8 

Carbonate of lime, ! 

4 6 

3 6 

3*4 

Alkaline salts, I 

1 

0-4 

1*6 

04 


According to this result, the pig aged 8 months, wliich was kept on 
ordinary food,^ gained on an avprage daily 11*7 gramm<ih in the weight 
of the osseous system, 5*5 grammes “bf ash, 2*4 grammes of phosphoric 
acid',' au<l 2*8 grammes of lime. The other pig, which lived 93 days 
longer, and was fed on potatoes only during that time, gained daily 6 
grammes in the weight of the dry skeleton, 2*6 grammes of ash, about 
1*4 grammes of phosphoric acid, and about 1*6 grammes of lime. 

In the 544 kilogrammes of potatoes which the pig consumed during 
tho last period of 93 days, there were 5440 grammes of mineral sub- 
stances, including 615 grammes of phosphoric acid and 98 grammes of 
lime, whilst its skeleton had taken up during the same period of time 129 
grammes of phosphoric acid and 150 grammes of lime. Consequently, 
52 grammes more of lime were taken up than were contained in the 
potato ash. Besides this, there were 216 grammes of lime discharged 
with the excrements ; consequently, 170 grammes of lime must have been 
supplied to the animal from some • other source. Boussingault shows 
that this lime must be derived from the water in which the potatoes had 
been boiled. 

We are entirely deficient in investigations instituted in ae similar 
manner in relation to the development of other tissue or organs, when 
compared with the amount of food. But it would scarcely be out of 
place were we, before we enter upon the consideration of the increase in 
muscle and fat, tc notice the experiments of Frevost and Morin, which, 
connect themselves with the observations made by Baudrimont and St. 
Ange (see p. 461) bn the respiration of the incubated egg. The results 
of these labors may be thus set down : ^ . 

100 parts of 4he contents of the unrinevhated egg consist «f— 

10-72 parts of fat 

16-68 “ matters ft-ee from fat, xtamclir 8-19 in tha albumen, and 88*6 in 

the jrolk. 

72-63 water. _ 

' Ann. de Cbim. et de IMiys. 3me Sdr. T. 16, p. 486-493. 



GROWTH. 


515 


After seven days’ incubation 100 parts of the inner portion of the e gg 
contained — 


9*32 parts of ether-oxtract. 

13-94 ** dry matter, free from fat, of which 8-00 were albumeiL 

76-74 “ water. 


• 

The albumen itself contained 34*9 per cent, of dry matter, free from fat. 

The thick yolk 

(( 

16'5 ‘‘ 

The liquid yolk 

mtt 

4*4 “ 

The membranes 

<1 

2*0 “ 

The embryo 

tt 

7-7 

The liquor amnii 


1*3 “ 


Consequently, during this period, the fat and the solid substances gene- 
rally have diminished, while the water has been relatively augmented. 

After fourteen days’ incubation the inner membrane of the ,shell, the 
interior parts of the embryo, and, in one case also, the liquor amnii, ex- 
hibited an acid reaction. 100 parts of the^ inner portion of the egg con- 
tained — 

9-46 parts of other-extract , 

lC-09 “ dry matter, free from fat, in which there were 7’7 parts of albumen. 

74-4S “ water. • 

• ^ 

100 parts of albumen contained ^*3 parts of dry matter, freefVom fat. 


«< 

the yolk 

193 

44 

44 

(4 

membranes 

9*1 

44 

44 

<4 

embryo ** 

7*2 

44 

• ** 

44 

liquor amnii 

1*4 

44 

44 


After tiventy-one days* incubation — 

100 parts of the interior of ilie egg contained 6 68 parts of fat. 

** • 15-44 parts of dry matter, free from fat, of 

which one- sixth consisted of yolk, one- 
aixth of yolk-membrane, and two-thirds 
of the embryo. 

** ** << 78*88 parts of water* 

• 

100 parts of the yolk contained 29*0 parts of dry substance. 

• “ membrane 20-6 “ “ 

“ embryo “ “ 

The weight of the egg-shell remained almost constantly the same. 
The fat, in egg is of a uniform yellow coler before incubation, 
although it undergoes various alterations during the development of the 
embryo. On the seventh day a yellow oil was extracted by ether from 
the thick yolk, while the fluid yolk yielded first a yeHow and subse- 
quently a colorless fat. The membranes and the albumen yielded a 
transparent white oil, the liquor amnii a thick white fat, and the embryo 
a white fat like lard. On the fourteenth day the oil of the yolk became 
ydlow and thick ; the same was the case with the oil of Aie membranes ; 
that of the albumen was colorless and thick ; that of the embtyo reddish 
and solid. On the twenty-first day the fat of the yolk Jbecame thick and 
of a pale yellow color, and that of the membranes dark yellow and par- 
tially solid ; ether extracted from the embryo a fat which at first was solid 
and yellow, but at a later stage wa^ white and soft. 
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We will now simply subjoin the results of the ash-determinations. 
Un-incubated eggs contained in — 



Dry Hilbstance free 
from fat. 

Ash. 

! 

j Insoluble 
j Phosphates. 

f 

Soluble 

Halts. 

The white, . . . 

15 000 

0*85 

1 »-ii} 

0-68 

The yolk, . . . 

16166 

000 

1 0-90 

000 


30*156 

1*74 

! I 03 

0-68 


Eggs after twenty-one days’ incubation contained in — 


The yolk, 

6-61 

0160 

0 145 

0*005 

The yollr-meinbrane , . . . . 

4-80 

0*205 

0 '206 

0-000 

Putamen, chorion, and amniot>, 

^ 0 42 

0 040 

0 015 

0 025 

The embryo, 

16-87 

1 

1-825 

1 095 

0-730 

r 

1 27-30 1 

! i ! 

2-220 

1 -460 

0-760 


According to Baudrimont and St. Attgc, the absorbed oxygen is to the 
oxygen exhaled in the cai'bonic acid as 100 : 54’9 during the period of 
the development of the hen’s egg from the 9th to the 12th day, and as 
100 : 81*0 from t&c 16th to ’the 19th day, — a fact which is entirely in 
accordance with the circumstance that it is in the last third y)eriod of incu- 
bation that the greatest quantity of the fat of the egg is consumed. The 
remaining results are readily obtained from the above numerical data. 

Schmidt and Bidder have instituted a very admirable observation on 
a nearly full-grown cat, in reference to the assimilation of muscle and 
fat. This animal gained 337 grammes in weight in the course of eight 
days, when fed on flesh containing fat ; the question therefore arose, 
whether the muscular substance only, or the fat, or both together, had 
contributed to this increase of weight. The‘’animal had consumed during 
this experiment 186G-7' gi’ammcs of'flesh, with 27‘4 grammes of fatty 
tissue, and had eliminated 62'36 grammes of nitrogen Now, since, 
according to Schmidt’s analysis, the flesh consists of 70'26o of water, 
5*71§ of fat, 22*83g of muscular substance, and 1*2$ of mineral' matters, 
(the muscular substance, when free from water and salts, containing 
58'Olg of carbon and 16'llg of nitrogen), we may easily perceive that 
these 62‘36 grammes of nitrogen must have been derived from the decom- 
position of ^7 '09 ^ammes of muscular substance, or of 1695'5 grammes 
of flesh. As 1866*7 grammes of flesh were consumed, the omerence 
between the two quantities gives ns 171*2 grammes as the quantity of 
flesh retained in the body. As, however, the increased weight of the l^dy 
amounts to 387' grammes, the question arises, how far the remaining 
portion of the assimilated materials (155*8 grammes) is derived from 
assimilated fat or from the water retiuned in the body. These 387*09 
grammes of decomposed dry muscular substance contain 205*20 grammes 
of carbon ; but in addition to this nitrogen (62*36 grammes), 194*02 
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irrarnmos of carhon were eliminated, and conscqflenlly 18‘11 grammes 
remained in the body. Since, therefore, the muscular substance is more 
than sufficient to compensate for the carbon which has been excreted 
during the metamorphosis of matter, it is not conceivable that the fats, 
together with the muscular substance, can have participated largely in 
the oxidation ; "from hence Schmidt further concluded, and no doubt 
correctly, that the* urea produced by the decomposition of the muscular 
substance must be separated through the kidneys before the remaining 
carbon and hydrogen of the muscular substance are exhaled in a state of 
oxidation through the lungs and skin. As only 1*98 grammes of fat are 
eliminated with the fieces in the form of saponified lime and magnesia, 
and as, according to Schmidt’s analysis of the fatty tissue, 129’25 
grammes of fat arc taken up within the eight days, 127*27 grammes of 
fat arc assimilated and remain in the body, in addition to the above 171*2 
grammes of flesh and the 138*4 grammes of water. After the subjection 
of tliis calculation to the corrections rcfiuircd in consequence* of various 
causes, and especially of the j)artial oxidation of the sulphur, Schmidt 
reckoned that 40*10 grammes of muscular substance and connective 
tissue, 143*42 grammes of fat^ 1*'?8 grammes ot* salts with sulphur, and 
134*15 grammes of water, w'cre assimilated in eight days by this animal, 
weighing 217'? grammes, and tlyit in the case referred to, tho cat for 
every kilogrammq, daily assimilated 18’* 346 gi’ammcs of ^nuscular sub- 
stance and fat. 

However indispensable such conclusiona., and the calculations based 
upon them may be for the purpose of obtaining a deeper insight into 
the metamorphosis of animal matter, we ought njit to disguise the fact, 
that they only lead us to a very slight degree of relative certainty. 

Independently of the circumstarico that slight deviations in the obser- 
vation often lead to very different results, or justify very different con- 
clusions, we must be conscious that in oui\|jnability to determine all these 
causes with exactness, or to represent them in an arithmetical form, wo 
very often employ for our equations certain pos^^ulates, several of which • 
mgy in the existing circuihstancos be equally probable, although they 
essentially modify our calculations. W c must therefore here be cauti(*u8 
in dealing with illusive equations,. which, althoijgh perfectly correct in 
an arithmetical point of view, may lead us into the most flagrant errors. 

‘By feeding *cats alternately with flesh and puije fat, Schmidt has 
moreover given probability to the vjew, that the albuminates are always 
more readily decomposed in the body than the fats, and that a diet 
consisting exclusively of fat (or of an insufficient amount of albuminates 
with an abundance of fat) causes the nitrogenous matters of the body to 
be subjected to metamorphosis, whilst the fats which are taken up are, 
on the contrary, at first either entirely or for the most part deposited in 
the body, being oxidized at a later period, and psobably only by degrees. 

It is from this and a previously indicated point of view, that we must 
consider the results of those numerous experiments which have been 
instituted in reference to relations of nutrition during *the fattening of 
animals generally, or of cows with a view of obtaining a more abun<mnt 
supply of milk. In association with Schmidt’s experiment, we have to 
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notice an observation made by Persoz/ who fattened geese on maize ; the 
blood of the geese which had been thus fed was very rich in fat, Imt 
poor in albuminates ; the quantity of the muscular substance diminished 
perceptibly, and where the fiittening had been rapid the geese exhibited 
an absolute loss of bodily weight. 

We do not here enter more fully into the individual series of experi- 
ments which have been instituted on animals in connection with the pro- 
cess of feeding stock or of augmenting the quantity of milk ; they were 
for the most part instituted solely in reference to what was formerly re- 
garded as a very doubtful question (sec pp. 340-B44), whether food defi- 
cient in fat sufficed for the feeding or fattening of animals, and whether 
fat could be produced in the animal organism from the amylacea. Tliey 
arc consequently only of interest to us in relation to the latter point. 
Although Liebig at an early period demonstrated, partly by exact expe- 
riments, and partly by the most ingenious application of various facts 
which boref upon the point, ^haf fat is formed in the animal body from 
carbo-hydrates, this proposition was yet for a longtime denied by Dumas 
and Boussingault, and luimerous expeijimerits were made, some of which 
appeared to favor and others to oppose Liebig’s view. As, hoAvever, we 
have already discussed this subject somewhat in detail (in vol. i. ]>. 22<S) 
we need here only mention two. series of experiments by 'which the cor- 
rectness of Liebig’s opinion was placed beyond all ..further question. 
Dumas, ^ in conjunction with Milne Edwards, repeated (lundelach’s ex- 
periment of feeding bees witii honey freed from wax (at all events the 
honey employed as their food only contained one-ten-thousandth part of 
wax). Of four swarms which were enn)loyed in the experiment, only a 
single one began to secrete wax and to build with it. The numerical re- 
sults of this investigation may be most easily seen in the following 
manner : 

Fat which was found in the body A each bee at the beginning 

of the experiment, 0-0018 of a gramme. 

Wax which, on an average, each bee consumed with the honey 

during the whole ot* the experiment, did not exceed, . 0*0003 “ 

The whole amount of fatty matter whose origin might possibly 

be derived from the food, averaged for each b^e at most, . 0 0022 “ 

During the whole length the experiment«lhe wax secreted by 

each bee averaged, ........ 0-0004 “ 

At the termination of the experiment the wax or ordinary fat f 

in the body of each bee averaged, 0-0042 “ 

Finally, Boussingault® found by experiments on pigs that (to take an 
example) eight-months’ pigs contained far more fat than had existed in 
their food, but that when they are fed solely on potatoes there was no 
more fat accumulaf^ed in them in tlic course of six months than corre- 
sponded to the amount of fat contained in the potatoes, which they con- 
sumed ; and that sueh hinds of food as potatoes, which could not of them- 
selves be applied to the formation of fat within the body, acquired this 
property by a slight addition of fat or of albuminous matters. 

In our previous notice of the quantitative metamorphosis of matter w^f 
have not done more than draw the balance between the ingesta and the 

» Coinpt. rend. T. 18, pp.j246-264. 

* Journ. de IMinrni et do Chim. 3 Sdr. T. 9, p. 339-344. 

* Compt. rend, T. 20, p. 1726. 
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egesta which we have observed in the living animal organism under 
various physiological conditions. It has been objected against this 
method, that it affords us no light whatever in reference to the inter- 
change of the organic elements within the body in the process of nutri- 
tion ; but independently of the fact that this is the only path we are able 
to pursue in order to obtain a gcnei*al view, it has also led us to a num- 
ber of facts wdnch* enable us to gain an insight into the iiitennediate 
stages of molecular mt)tions in the body. It cannot, however, bo denied 
that, notwithstanding many of the conclusions yielded by this inetliod, 
w’^e are still so ignorant of the intermediate metaniorpho^h of matter^ 
that w^e can only adduce the facts known in reference to this subject as 
mere appendages to our previous remarks. While w^e have endeavored 
througliout the whole course of this work to notice all the important re- 
lations of each substance — substratum, fluid, and tissue — in referencje to 
the metamorphosis of matter, wo have always directed our fullest atten- 
tion to this subject, which we regard as the crowning point di physiolo- 
gical chemistry, and the advance made *in ^science during the last few 
years has indeed yielded the most extraordinary results in this respect. 
Notwithstanding many obvious di^ciencies andjuumcrous imperfections, 
W’c see revealed before our eves the image of a life rich in internal rcla- 
tions and external foi'ins, and aljke inexhaustible in the multiplicity of 
its phenomena au^l the incentives futiire investigations. • But still it is 
only a mere picture, in which many rosultsof vegetative* life arc un<V>^bt- 
edly represented in too ideal a form ; for whilst all ])ljcnomena ai*o only 
parts of a motion regulated by definite laws, many portions of this sketch 
are drawn in false perspective. To find the correct perspective, we re- 
quire to make a certain number of direct measurements, since it will be 
impossible properly to introduce J:he different distances in the picture 
until the quantitative relations have been established and the points of 
sight mathematically determined. Th% present would seem a fitting 
place, in which to embrace the entire metamorphosis of matter in one 
grand comprehensive picture, which being skct^died in accordance with ^ 
rr^^-tlieraatical rules, may repres^jnt all the individual parts in their natu- 
ral and real connection with/)ne another. But unfortunately in pliysio- 
logical chemistry wo are sadly dc^ient in these^ mathematical rules, by 
which alone we can ascertain the correct perspective of the individual 
pdrts of this pfeture of vegetative life. ^ 

There, are very different methods by which we may obtain these geo- 
metrical points of sight ; thus, for instance, in my investigations regarding 
the function of the liver and the formation of bile, I hav<j adopted those 
points of sight which refer to the quantitative relatjpns of the juices flow- 
ing to and from the liver ; the results of these experiments, which cer- 
tainly exceeded the very limited expectations I had formed of them, 
induced me in the case of other organs also* to •com pare the ingesta 
with the egesta, and indeed far more important quantitative facta have 
already been obtained than one could have anticipated from the difficulty 
of procuring these egesta and ingesta in sufficient quantity, or in a con- 
dition adapted for examination, and from the very great deficiency of 
the means necessary for analysis. We have the more readily abstained 
from giving the fragmentary resulft of these yet unfinished labors, as 
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they have already appeared in another place^ with all the necessary 
details, and would seem to be better adapted to some of the earlier sec- 
tions of this work. 

C. Schmidt^ has endeavored to determine the intermediate metamor- 
phosis of tissue in another way, namely, by a network of mathemetical 
lines ; he simultaneously compared the constitution of the different tran- 
sudations and of the blood, and attempted to establish the quantitative 
relations between the two, and to determine the laws which influence the 
elimination of matters from the blood through certain tissues into defi- 
nite organs. We have incorporated the most essential conclusions of this 
work in this volume ; but notwithstanding many brilliant facts and 
conclusions, it soon became apparent that this method of investigation 
also failed in affording us correct answers to many questions. 

In association with Bidder,^ Schmidt has tried a third method, by 
which probably the greatest advances have been made ; it consists in the 
jittempt to' determine the amoynt of that motion which impels a very 
considerable fraction of the animal juices towards the intestinal canal. 
From the statements which have beep previously made regarding the 
quantitative relations of athe digestive fluids it appears that according to 
Bidder and Schmidt’s investigations and calculations, an adult man 
weighing about 64 kilogrammes, [or 10 stone] secretes in twenty-four 
hours about 1^00 grammes of saliva,'in which are 15. grammes of solid 
matters, 1600 grammes of bile containing 80 grammes of solid matters, 
0400 grammes of gastric juice with 192 grammes of solid matters, 200 
grammes of pancreatic fluid wdth 20 grammes of solid constituents, and 
200 grammes of intestinal juice with 8 grammes of non-volatile matters; 
consequently there are in twenty-four hours 10,000 grammes of juices, 
containing 9690 grammes of water and 310 of solid substances, which 
pass from the blood into the intestinal canal, from which they are again 
for the most part resorbed. Since the body of a man weighing 64 kilo- 
grammes contains about 20 kilogrammes [or 44 lbs.] of solid matters, 
and 44 kilogrammes [nearly 97 lbs.] of water, it follows that from l-5th 
to l-4th of the latter would be brought dnto the intestinal canal, in the 
course of tw'eiity-four hours, but only from l-70th to l-60th of the former. 
The coincidence between the amount ©f solid constituents in this collec- 
tive sum of the digestive fluids and in the lymph (according to Marclnmd’s 
determination), namely 3*lg, is a point of much interest. Since very 
careful analyses of the digestive fluids, as well as determinations of their 
amounts, were instituted by Schmidt, it is easy to see that we may obtain 
the most decisive conclusions from these numerically-established points, 
regarding the relative amount of this metamorphosis of matter within the 
body, as well in reference to the individual organic matters as to the ele- 
ments in general. We may notice, as especially important in this point of 
view, the relations w’hich have been established by these investigations be- 
tween the biliary secretion and the respiration, and between the former and 
the urinary secretion. Thus, for instance, a dog for each kilogramme’s 
weight consumes in twe\ity-four hours 8*6 grammes of carbon, while in 
the same time it excretes 1 gramme of biliary matter ; 0-5 of a gramme 
of carbon of this biliary matter returns from the intestine into the blood, 

* Tier, cler k. sficlis. Ges. d Wiss. zu Leipzig. 1853. 

* Charaktorislik tier Cholera, u. s. w. 
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hence it follows, that from to 6}{ of the expired carbon has to f^o 
through the stage of bile-formation. This proportion is not c8»sontially 
aflbctod during a flesh-diet; but is altered by the use of highly amylace- 
ous food, when the amount of respired carbon considerably exceeds the 
quantity passing through the bile. When the mineral constituents of 
the food are much increased, the biliary secretion is relatively more 
increased than the respiration; but during starvation the former is more 
diminished than the latter. Of every 100 grammes of nitrogen wliicli 
are separated by the kidneys, at most not more than 3 grammes pass 
through the bile (as taurine and glycine), while of 100 parts of sulphur 
from 64 to 86 parts take that course; under no conditions, however, 
docs the whole of the sulphur pass through the stage of bile. In her- 
bivorous animals scarcely 2-3ds of. the glycine separated with the 
urine in the hippuric acid arc contained in the glyco-cholic acid. During 
starvation we may put down tlie average typical relation as follows; for 
every 100 parts of expired carbon ther^ tire given off* 16*4 pftrts of car- 
bon, under the form of urea, by the kidneys. While in fasting animals 
(the cjtlculations being made c<jual bodily ^weight) tl)C same daily 
quantities of carbonic acid and urea were seerttod, th(.‘ biliary secretion 
sunk to such an extent that on the tenth day of inanition only 2-5ths of 
the quantity oT bile were obtained, whiyh was secreted oi^the thii'd day. 

There arc other interesting points of view which present tliemselves 
when we contrast, in relation to quantity, the elements of the interme- 
diate metamorphoses of matter and those of. the final i^xcretions with the 
corresponding elements of the organism or of the blood ; as for instance, 
wdien we compare the quantities of the carbon separated by^the bile or 
by the saliva, with that which is separated by the kidneys or lungs, and 
reduce the numbers of both to 10ft parts of the carbon containeil in the 
organism or in the blood. As a standard of comparison Bidd(T and 
Schmidt employed results wdiich they had o)>tained from a cat, and w hich, 
as they stand at present isolated to science, w^e must on no account omit. 
They found that each kilogramme’s weight of the animal (which was a® 
y#ung cat wxdghing 1506 grammes) contained*— 
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Hence in 100 parts of this animal there were contained 32*030 of solid 
materials. Schmidt employvS these determinations in order to calculate 
the amount of the diflFerent elements of the water, and of the salts in the 
body of the cat, and it follows from his calculations that in every kilo- 
gramme’s weight of the cat there are contained about 679*61 grammes 
of water, 148*72 grammes of carbon, 20*19 grammes of hydrogen, 35*45 
grammes of nitrogen, 54*78 grammes of oxygen, 2*43 grammes of sul- 
phur, 1*88 grammes of sodium, 1*51 grammes of chlorine, 51*02 grammes 
of earthy phosphates, including about 0*4 of a gramme of iron, and 4*41 
grammes of other salts, including 2*12 grammes of phosphoric acid. 

This calculation gains additional support from the circumstance that, 
as follows from the data formerly given, a dog fed with flesh gives oft' 
2*25 grammes of water by perspiration, and respiration, and 5*97 
grammes by the urine and fieces (and, therefore, on the whole 8*22 parts) 
for every 100 grammes of water ^which it contains, while 23*25 grammes 
are effused »into the intestine with the intestinal juice. Hence the inter- 
mediate circulation of the waTor towards tlie intestine is far more conside- 
rable than its final excretion, and amounts to almost the fourth part of 
tlie whole quantity of waj(.er in the body. If, on the other hand, we com- 
pare the aqueous excretions with the amount of water in the blood, and fix 
the latter at 100, 27*9 parts arc entirely Removed from the K^dy in twenty- 
four hours, whilu 79*0 parts are eftused into the intestinal^canal. Of every 
100 pjirts of salts in a dog fed with flesh there arc in twenty -four hours 5*3 
parts given off to the external woi ld, while 8*5 parts are eflTusod with the 
digestive fluids over the surface of the intestinal canal ; while of 100 parts 
of blood-saits 21*2 parts are complclely excreted in twenty four hours, 
and, 34*1 parts conveyed into the intestine. Of every 100 parfs of carbon 
in the body 4*26 parts are separated by the rcsph'ation and urine, while 
only 1*31 parts pass into the intestine (of which 0*376 passes through 
the bile) ; and a similar ratio holds good with regard to the hydrogen. 
Of every 100 parts of nitrogen in the animal body, 3*89 parts are com- 
* plctely separated, and only 1*28 parts pass into the intestine (of which 
not more than 0*101 passes through the bile). Of every 100 parts ^jf 
sulphur contained in the animal 3*3 partej are daily excreted by the 
kidneys, while 2*6 parts enter the intej^tine (1*7 of which passes through 
the bile). Of 100 parts of ])hosphoric acid of the soluble phospliat^ of 
the animal body there are daily eliminated 7*27 parts, ^hile 2*9 pares 
complete the circulation through the intestine. 

These are only a few instances of results to which such statistico-chemi- 
cal investigations of the intermediate metamorphosis of matter lead us, 
when they are conducted with that accuracy and circumspection which 
are indispensably requisite in such cases. As yet we unfortunately pos- 
sess no other investigations of this nature than those of Bidder and 
Schmidt, of which made mention. But whatever ingenuity 

may be discernible in these inquiries, and however brilliant may be 
the results to wdiieh they have already led, it must be admitted that 
they have merely indicated the path by which more numerous investiga- 
tions may enable us to reach the aim towards which we are striving. 
Since we are conscious of the deficiency of our knowledge, and the un- 
certainty of most of the facts in our possession, we likewise omit a mu the- 
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matical, or rather arithmetical, sketch of all the movements of matter in 
the living body considered in accordance with all their relations and value. 

As it is our firm conviction, that it is only by the above indicated 
mathematical determination of the limits of the metamorphosis of matter 
that the general propositions of our science can be completely established, 
we arc the mor^ ready to leave to future chemists the bold attempt of 
classifying vital phenomena according to number, mass, and weight, and 
thus securing to their*thcories an amount of relative truth which might 
at all events equal that to which the other empirical sciences have long 
since attained. 

In drawing towards the close of this work, we cannot forbear reverting 
once more to that department of our science, known as pathological 
chemistry; and the present would seem to bo the fitting place for enter- 
ing more minutely into the consideration of pathological proccase,^ ; and 
this wo had fully purposed doing, for oin* original intention waste inves- 
tigate the pathological metamorphosis of matter after we had considered 
the same process in its normal character. ^Although we had occiasion in 
almost every section on the juices and tissues to deplore our defi ctivc 
knowledge of tlieir pathological relations, we endeavored 1o collect 
all the scattered materials in our possession, and to combine them as tar 
as possible intf) one comprehensive whole, in order to obtain a, basis for 
at least some few'.of the more tent^hle hypotheses and vie^s ; but it soon 
became obvious that it w^ould liave been necessary to deviate froiji the 
general plan of tliis work, if we had attempted to cpmponsatc for the 
absence of real facts l)y ideal combinations from amidst the confused 
mass of scanty, unconnected, and often careless observations. If wc 
were not satisfied with mere speculations, we were driven to the necessity 
of ruminating once more over tbc observations and facts ^^hich had 
already been casually noticed in the course of this work ; for wc arc de- , 
ficient in the points of departure necessary to a scientific mode of treat- 
ment, while our explanations are wanting in certainty. Phenomenolo- 
gical data are indispensable to am ideal inter])rc^ation, although they cau^ 
s^rcely justify us in undertaking anything bey^md a causal iuv(\stiga- 
tion. But can w^e be said to possess anything approaching a phenome- 
nology of pathologico-chemical p)jocesscs in tlie science known as patlio- 
lo^l chemistry ? Are we even in possession of investigations capable 
of exhibiting flie causal connections of these pathologico-chemical phe- 
nomena.? or are those wdiich wo do possess conducted wdth suflicient ex- 
actness to justify us in drawing from them any more general conclusions ? 
What has been, or can as yet be done in pathological che^nstry V Some 
few factors or resultants of tlio metamorphosis of animal matter have 
been investigated in a number of diseases, and ii^ the most favorable 
cages the results have been compared together, although they very fre- 
quently did not admit of comparison. And evcji if the observations made 
on one and the same object in different conditions, did actually admit of 
comparison, we might indeed derive from them proofs or counter-proofs 
in reference to some popular view in humoral pathologj', J3ut they could 
never afford us any insight into the pathological process in the disease in 
question. It has only seldom been considered that it is indispensably 
necessary to the comprehension (d pathological process, that we should 
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siiniiltuncously investigate, if not all, at least many of the factors and 
resultants of one and the same object, and that we should endeavor to 
ascertain the mutual relations of the difterent parts of the group of phe- 
nomena. Instead of instituting accurate analyses of the urine, the blood, 
the solid excrements, and the expired air, in one and the same disease, in 
one and the same individual, and making careful determinations of the 
(piantities of the egesta when compared with the ingesta or the weight of 
the body, infinite, pains have been taken to compare the composition of 
the blood in diflFercnt diseases, without a suspicion of the insufficiency of 
our analytical methods, and their inability to afford us any insight into 
the internal metamorphosis of matter. We believe that we have alrea<ly 
sufficiently characterized the deplorable nature of most of the analyses of 
morl)id urine. Diabetic urine has frequently been examined, the other 
juices liJivo also been analyzed in diabetes, and sugar has every wdiere 
becTi found. Yet this much-discussed disease has never been investi- 
gated wdth crcference to the general metamorphosis of matter ; on no 
occasion has any attempt beeh made to determine the ingesta and egesta 
of the body during its continuance ; and even those experiments which 
have been made to deteiynine the relaiion of nutrition to the formation 
of sugar, have either been left incomplete, or have utterly failed in their 
object, while the relations of respiratiop, which are so important in this 
disease, arc ^lill shrouded in complete ol)scurity. A comprehensive 
exandimtion of the kind to which we refer is essentially needed in the 
case of inflammatojy fever, or the inflammatory process accompanied by 
fever, which constitutes one of the main processes of most diseases. It 
would have served as the first point of attachment for a systematic in- 
quiry, as the keystone to a tine system of pathological chemistry ; a 
more favorable opportunity could scaiyjcly be found for establishing and 
examining from a physical point of view these complicated relations in 
the deviations from the normal course of the metamorphosis of matter. 
But the ground before us is still unbroken, and the fruitful soil has as yet 
‘»yiel<led little more than w^eeds. 

In reverting once more to the points of view which afford a prospe/'.t 
of a successful elaboration of pathological chemistry, in thus endeavor- 
ing to justify our silence in reference to pathologico-chemical processes, 
we in no w'ay intend to animadvert upon those true inquirers wko ^ve 
exercised their powers on this uncultivated department V for the^fi- 
ciencies in their labors w'ere owing less to those who prosecuted them, 
than to the extraordinary difficulties of the pursuit, which will still 
require many, years of labor to overcome; indeed, w^e have already 
endeavored, throughout the whole course of this work, to place these 
difficulties in their trjie light, and to caution our readers against attaching 
too high a value to’ the results yielded by this branch of science. We 
have often observed that pure chemistry, and more especially physiolo- 
gical chemistry, is still too incomplete to admit of the successful prose- 
cution of such investigations, and hence the cause why so few chemists 
of celebrity have devoted themselves to pathological chemistry. 

The cultivation of this department of science has therefore for the 
most part been left to beginners or mere chemical dilettanti, who too 
often were ignorant of even the principles of physiology. It is to 
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the anxiety of physicians to obtain chemical elucidations, to the imper- 
fect training in the true method of physical inquiry manifested by tliese 
investigatoi's, to their ignorance of scientific processes, and to their 
misconception of the true objects of pathological chemistry, that we owe 
those confused works, which, instead of enriching pathological cliemistry, 
have done nothing more than encumber and complicate it. In tlie hasfy 
anxiety to turn all things to account, these carelessly and liurriedly 
collected materials have been indiscriminately applied* to every possible 
diagnostic, prognostic, and other practical purpose. Such a method of 
proceeding, when carried to its extreme length, degenerates into mere 
purposeless uroscopy and other similar follies, which arc not a whit 
better than the practices of the old water doctors. The labors of such 
medical handicraftsmen have at most only served to foster the fliglits of 
fancy of ready-writing journalists and ingenious physicians, wlio were 
not endowed with the mind requisite for earnest natural inquiry, and 
who, from the harren s^mibolization of s^msyious perceptions 9nd of con- 
fused hallucinations, have interwoven a complicated network of facts, 
which lias been dignified with the.title of huinorjil pathology. 

Let us not, however, be discouraged by tlut^e drawbacks, which are 
inseparable from all newly developed sciences ; hut let us rather trustfully 
and hopefully look forAvard to a brighter future. 

^^THOU<JJr IT RE WINTER XOW% THE SPKINO MUST COME A(JAIT^.’'' 


* “ Bs muss doch Friililing worJen/’ 
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PLATE I. 

Via. 

J. Lobule of Parotid Gland. 

2. Salivary Calculus. 

3. Secreting Cells of Human Liver. 

4 . Section of a Lobule of the Human Liver. 

5. Portion of the Same more liighlji magnified. . 

0. Connection of the jjobulcs <if the Liver with the Hepatic Vein. 

7. Arrangement of the Cellular Parenchyma of the Human Liver. 

PEATE II. 

8. Hepatic Cells gorged with Fat. 

9. Gall Stones. 

10. Development of Lymph and Ch 3 de-Corpuscles into Blood-Corpuscles. 

11. Chyle-Corpuscles in various phases. 

12. White Corpuscles of the Blood. 

13. White Corpuscles of the Blood magnified 400 diameters. 

11. Phases of the Human Corpuscles. 

15. Red Blood-Corpuscles. 


PLATE III, 

•l6. Blood-Corpuscles collapsed. 

17. Fat in Blood. 

18. Blood in Inflammatory condition? 

,19. Healthy Igibrin with Blood. 

20. A Lymphatic Gland. 

21. Portion* of Intra- Glandular Lymphatic. 

22. Lymphatics of the Mucous Membrane of the Stomach. 

23. Section of Lymphatic Gland. 


PLATE IV. 


24. Termination of Milk Duct. 

25. Ultimate Follicles of Mammary Gland. 

2C. Human Milk. 

27, Milk-Globules. 

2 8 . Colostrum-Corpuscles . 

29. Spermatozoa from Man, and their development. 

30. Spermatozoid in the interior of the vesicle of development. 

31. Mucus-Corpuscles. 
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PLATE V. 

FIG, 

32. Mucus and Pus-Corpusclcs, Epithelial Particles and Blood Disks. 

33. Sweat Gland. 

34. Cortical Substance of the Human Kidney. 

15. Portion of one of the Tubuli Uriniferi. 

PLATE VI. 

'U). Distribution of the Renal Vessels. 

37. Portion of a Secreting Canal from the Cortical Substance of the Kidney. 
3H. Crystals of Chloride of Sodium. 

39. Chloride of Sodium from Urine. 

10. Chloride of Zinc and Creatinine. 

PLATE VII. 

11-46. Urir Acid Crystals, 

17. Illustration of the origin of dno of its forms. 

48. Uric Acid developed under the Microscope. 

49. Uric Acid Crystals. ^ ‘ 

PLATE VIII. 

50-52. Uric Av^d Crystals. 

53. Uric Acid Calculus. 

54. Section of the same. 

55. Urate of Ammof ia. 

50. Urate of Ammonia from Fever or Gout. 

57. Urate of Ammonia Calculus. 


PLATE IX. 

58-59. Cystine Crystals. 

60—05. Oxalate of Lime Crystals. 

PLATE X. 

06. Oxalate of Lime or Mulberry Calculus. 

67. Internal structure of the same. 

08. Oxalate of Lime Calculus. 

09. Alternating Calculus. ’ 

70. Mixed Phosphates. 

7 1 . Phosphate of Lime Calculus, 

72. 73. Crystalline forms of the Phosphate of Magnesia and Ammonia.' 

PLATE XI. 

74, 75. Crystalline forms of the Phosphate of Magnesia and Ammonia. 

70. Phosphate of Magnesia and Ammonia Calculus. 

77, 78. Fusible Calculus. 

79. Internal structure of the same. 

PLATE Xm 

80. 81. Urinary Sediment of Carbonate af Lime. 

S2. Ultimate Granules of Bone. 

83. Cartilage at Seat of Ossification. 

81. Transverse Section of a part of the Ulone surrounding an Haversian Canal. 
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PLATE XIII. 

Fin, 

85. Transverse Section of Bone. 

8G. Vertical Section of the Enamel of Human Molar Tooth. 

87. Transverse Section of Enamel. 

88. Transverse Section of Tubules of Dentine. 

PLATE XIV. 

89. Formation of Enamel. 

90. Formation of Cementum. 

91. Section of Branchial Cartilage of Tadpole. 

PLATE XV. 

92. Section of Fibro-Cartilagc. 

99. The Two Elements of Areolar Tissue. 

94. White Fibrous Tissue. 

95. Yellow Fibrous Tissue. 

J>LATE XVL 

9G. Cells of Adipose Tissue. 

97. Fat-Vesicles. 

98. Blood vcssels^f Fat. 

99. Fat-Globules. 

100. Fat-Vesiclcs from an Emaciated Subject. 

PLATE XVII. 

101. Fat-Cellsy &c., from Stcatomatous Tumor. 

102. Structure of a Fatty Tumor. * 

103. Vertical Section of the Skin of the Thumb. 

104. Hair-bulb. 

PLATE XVIII. 

^05. Cells of Smooth Muscular Fibre. 

106. Fibres of Unstriped Muscle. 

107. Development of Striped Muscular Fibre. 

J08. Striated J^uscular Fibre. 

PLATE XIX. 

109. Structure of Tubular Nerve-Fibres. 

110. Primitive Fibres and Ganglionic Globules of Human Brain. 

111. Yellow Tubercle. 

112. Gray Tubercle. 

113. Tubercle-Corpuscles from the Peritoneum. 

IP.ATE XX. 

114. Tubercle-Corpuscles, Granules, and ^^lolecules from Imng. 

115. Tubercle-Corpuscles from a Mesenteric Gland. 

116. Isolated Tubercle-Corpuscles. 

117. Pus-corpuscles, natural appearance? 
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Fin. 

118. Pus-Corpuscles, magniOed 400 diameters. 

119. Healthy Pus-cells. 

1 20. Pus-Corpuscles of Cancer. 

121. The same after the application of Acetic Acid. 

122. Scrofulous Pus. 

123. Scrofulous Pus from a Lymphatic Gland. 

PLATE XXI. 

124. Peptic Gastric Gland. 

125. Section through a Cluster of Gastric Cieca. 

126. Mucous Gastric Gland. 

127. Horizontal Section of n Stomach-cell. 

128. Capillary network of the lining Membrane of the Stomach. 

129. A portion of Mucous Membrane of the Stomach, magnified 75 times. 

<PLATE XXII. 

130. One of the Tubular Follicles of the Pig’s Stomach. 

131. Section of Mucous Mj^mbrane of Small Intestine in the Hog. 

132. One of the Intestinal Villi, with the commencement of a Lacteal. 

133. Portion of Mucous Membrane of the Large Intestine. 

134. TransveKe Section of Lieberkiihn’s 'I]‘ubes or Follicles. 

PLATE XXIII. 

«/ 

135. Distribution of Capillaries in the Villi of the Intestine. 

136. Solitary Gland of Small Intestine. 

137. Part of a patch of Peycr’s Glands magnified. 

138. Bloodvessels of an Intestinal Villus. 

139. Air-cells of Human Lung. 

PLATE XXIV. 

140. Section through a Bronchial Tube. 

141. Arrangement of Capillaries of the Air-cells of the Human Lung. 

142. Epithelium-cells. , 

143. Epithelium of Serous Membrane. 

1 44. Epithelium detached Vud free in the (^Javity of the Duodenum of a Dog. 

145. Epithelial Cells in Urine. 

146. Primary Organifr Cell. 
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FIG. 8. 


FIG. 9. 
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* Fig. 8. HicrATTr! cells (johgjid with fat; 
(f, atmphioii nucleus; h, adipose globules. 

Fig. 9. Small, iKREauLAH gall stones, | 
composed of inspissated and# altered bile ' 
cemented by mucus. — From Dr. Budd's W'ork. | 

Fig. 10 . Development oFfiiiMAN lymph- anu 

CHTLK-CORPUSCLES INTO BLOOD-CORPUSCLES 
A. A lymph or while blood-corpu.scle. B. 
The same in procew of conversion into a red 
corpuscle, c. A lymph-corpuscle with the 
cell-wall raised up roundel by the action of 
water. i> A lymph-t'orpuscle from which the 
granules have almost all disappeared. E. A 
lyinph-corpu.scle acquiring color; a single gra- i 
nule, like a nucleus, remains. F. A red cor- 
puscle fully developed* 

Fig. 11. Chyle-corpuscles in various 
PHASES; — a a, stellate form occasionally seen 
after escape of their contents; b b, free nuclei;* 
c, a nucleus surrounded by a few granules ; rf, ^ 


c, small cells, some with distinct nucleus;/, g, 
larger cell.‘<, one with a vi.sible nucleus ; hj 
I .‘similar «ell after addition of water; t, similar 
<jpll after addition of acetic acid. 

Fig. 12. White C0RPUf|CLEs of the blood. 
1. A corpuscle in its natural condition. ^ arid 
‘1. Dirtorent appearance.‘»-^/.v.d.»v>ed by the 
action of diluted acetic acid. 

Fig. in. White corpuscles of the blood. 
^fagnified 400 diameters. 

Fig. 14. Phases of the human blood-cor- 
puscle (after Wharton Jones), a and b. 
Colorle.ss corpuscles or Granule-cells in the 
coarsely and finely granular state, c and d. 
Nucleated cells, c without color, d with color. 
e. Free celhcform nucleus, or perfect red cor- 
puscle. 

Fig 1 /). Red blood-corpuscles. Magnified 
400 diameters. 
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FIG. 18 . 



Fijr. V/.. '^OM-CORrUSCLES C0LLAr8KI», 
niaj^ni/led 400 {JianiL*ter.«!. 


Fig. 17. Fat in blood. 

Fig. J 8. Tlir* Microscopic Apj)earance of a 
I>ro]) of Blood in the Inflammattiry condition. 
1 he reef corpuscles lose tiicir circular form, an<l 
adiiere togetlier ; the vhite corpuscles remain 
af>art, and are often more abundant than ii.'^ual. 

Fig. 19. Fibrils of healthy fibrin, en- 
tangling red anfl while blrxKl-corpustdes (three 
<»r the latter arc figured aeparatidy), and a few 
librinous fibrils. 

Fig, 20. Diagram of a lymphatic gland, 
sljowing the intra-glandnlar network, an<l the 
transition from the scale-like epithelia of the 


FIG. 11). 




• * 

cxtra-glambdar lymphatics, to the nucleated 
cells f>f the inlra-glamiuhir. 

Fig. 21. I'OIITION Ol^ iNTtlA GLANtn i.AR 
LYMI’IIATIC showing along tlic lower edge lhc^ 
ihickne.-s ol’ the gcifninai ntemhraiK*, and uj>on 
it the thick layer of glandular cpitliolial cells. 

Fig. 22 Lymphatics of the mi’cocs mem- 
brane of THE HTOMACH, after Brcschel. a. 
Superficial layer ; />, (h*jfp layer. 

Fig. 23. Section of lymphatic gland, 
showing a a, the fihrons tissue which forms 
'^its exterior; h superficial vasa inferentia; 
f f, larger alveoli near the surface ; <t d, smaller 
alveoli of the interior; e <r, fibrous wails of the 
alveoli. 



PLATE IV. 


FIG. 24. FIG. 29. 



Fijr. 24. Termination of portion of milk- t Fig. 29. Spermatozoa from man, and their 
DUCT IN follicles f from a mercurial injection, j development. (Wagner.) A. Spermatozoa from 
by Sir A. Cooper; enlarged four iime.s. | the semen of the vas deferens. 1 to 4. Show 

! their variety of character. 5. Seminal gra- 
Fig. 25. Ultimate follicles of mammary | Contents of the semen of the testis. 

GLAND, with their secreting cells o. a, end | , corpuscle or cell. 2. A cell 

nuclei, ft, ft. j pontaining three roundish granular bodies. 

Fig. 26. Microscopic appearance of hc- Ifom which the spermatozoa, are developed. 
MAN MILK, With an intermixture of Colostric ^ fasciculus of spermatozoa, as they are 
corpuscles at a, a, and elsewhere. together in the testis. 

30. SPERMATOZOin OF THE DOG in the 

Fig. 21. Milk-globules. I ^he vesicle of development. 

Fig. 28. Colostrum-corpuscles. * Fig. 31. Mucus-corpuscles. 



PLATE V. 




FI" 32. Mnciis- nnd pns-corpiisc*les, opilbe- 
lial panicles, ami blcKKl-disks, from niueoiis or 
cervical leucorrlicra. 220 diuineters. 

Fig. .33. Sweat-gland and the commence- 
ment OP ITS DUCT. a. Venous radicles on llie 
wall of the cell in which the gland rests. 
This vein anastomoses with others in the 
vicinity, h. Capillaries of the gland separately 
represented, arising from their arteries, which 
also anastomose. The bloodvessels are all 
situated on the outside or deep surface of the 
tube, in contact with the basement membrane. 
— Magn. 35 diarn. 


Fig. 31. SectioVi of THE cortical suh- 

STANCK OF THE HUMAN KIDNEY -A A, tubuli 
I uriniferi divided transversely, showing the 
spheroidal epithelium irf thcdr interior ; D, 
Malpighian Capsule ; «, its aiferent hratieh of 
the renal artery; *, its gUanerulus of capilla- 
ries; c c, secreting ])lexus, fanned by its ell'e- 
I rent vessels ; 4l d, librous stroma. 

Fig. 35. Portion of cjne of the Tubuli Uri- 
NiFKRi, from the kidney ol an adult; showing 
its tessellated epithelium. 



PLATE VI. 

FIG. ne. fig. 37. 




Fisr. 30. Distribution of tub rknal vks- 

SELS, PROM KIDNEY OF HORSE: branch of 

Kenal artery; a f\ atlerenl vessel; w, m, Mal- 
piji;hian tults ; € e elferent vessels; /?, 
vascular plexus surrounding the tubes; »/, 
straight tube ; cf, convoluted *tubd. Magnified 
nb()iit 30 diameters. 

Fig. 37. A, Portion ofvi secreting canal from 
the cortical sub.stance of the kidney. B, The 
e])ithelium or gland-cells, more highly rnag- 
riihed (700 times). C. Portion of a canal from 
the rnedullory substance of the kidney. At 


one pari the basement-membrane has no epi- 
thelium lining it. 

Fig. 38. Chloride op sodium. Obtained 
by treating urate of soda with hydrochloric 
acid and slowly evaporating. 

Fig. 39. Chloride op sodium resulting 
I from slow evaporation of healthy urine. 

Fig. 40 Triple Compound of chloride op 
EINC and creatinine with creatine, from con- 
centrated urine treated with fused chloride of 
‘ /.iric. 



FIG. 41. 
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FIG. 42. 


FIG. 43. 



K’gS. 41-43. DliTERENT FORMS OF URIC 
acid crystals. 

Fij^. 41. Uric Aciil Crysmls which result 
from the slow introduction of a warm solution 
of Urate of ISoda into warm dilute Hydrochlo- 
ric acid. 

Fig. 42. Uric Acid Crystals from Human 
U line. 

Fig. 43. Uric Acid Crystals in which, when j 
the deposit is of long continuance, the rhom- ' 
lx)idal form is replaced by a square one. 

Fig. 44. Uriu Acid. Accidental Varieties of 
the rhomboid and square forms. 

Fig. 45. Uric Acdd. Thick lozenges, often I 


found mixed with urate of ammonia and 
oxalate of lime. * 

Fig. 4C. Uric Acid of human urine. 

Fig. 47. Illustration of .the mode in which 
the crystalline form of (Fig. 40) is produced ; 
viz., by the union c^f two rhomboidal crystals 
with their apices approximated. 

Fig. 48. Urjc A fid as artificially developed 
from urate of soda, and observed under the 
microscope. A, ii, c, and D, are its successive 
changes when the uratft is treated with strong 
acetic acid. K, F, and a, when the tirate is 
concentrated and treated hot with an excess 
of acetic acid and cooled. 

Fig. 41). Urie Acid of human urine. 


FIG. 53. 


FIG. 54. 



Fig. 50. Uric Acid of human urine, as some- 
times found crystal lized on a hair. 

Fig. 51. Uric Acid in irregular masses, re- 
sulting from sudden cooling of the urine, or 
by the addition to it of a strong acid. 

Fig. 52. Uric Acid crystallized on a fibrin- \ 
ons cast of a uriniferons tube. ' 


Fig. 53. Uric acid calculus. 

Fig. 54. Section of a uric acid calcu- 
lus, showing the internal concentric layers. 

Fig. 55. Urate of ammonia, from urine. 

Fig. 5(5. Urate of ammonia from the urine 
of patients laboring under gout or fever. 

Fig. 57. TTratr of ammonia calculus. 


PLATE IX. 


FIG. 58. FIG. 59, FIG. (io. 




FIG. 61. 



Fig. r>S. (’ystink cryslallizcMl from ammo- 
iiisiral .sohition hy spontanf'ons eva[;orati<)n. 

Fig. 59. Cystjne ojiy.stals in groiip.s. 

Figs. 6fi, 61, fyj . Oxalate of ljme. 

3 


FIG. 6.5. 



Fig. (Ki. The Oui^hedhal orystals oI* 
oxalate of lime, as seen when allowed to dry. 

Figs. 64, ar ). Dumb bklj. cktstals of oxa- 
late of lime from nrijie. 






FIG. 73. 



Fig. (■>*’». OxALATK OF LIMA i>r ^niiftjerry caF 
cuius. 

Fig. G7. Internal striK'.ture of the same. 

Fig. G8. OXALATE-OF-LIMK CALCULUS. 

Fig. GU. Alternating calculus <jf uric 
ac.iil and oxalate of lime. 


Fig. 70. Mixed j»hosphatks. 'J'he minute 
dots repri'seiit tin' ajnoi plions particles of phos- 
phate of lime. 

Fig. 71. PhOSPIIATE-OF-LIME CALCULUS. 

Fig.s. 7‘J, 7.3. Varieties of crystalline 
FORMS. The tripl(‘ or neutral pliosj)hate ol' 
magnesia and ammonia. 




I’LATK XII. 


FK;. mo. KK;. til. 



Ki^s. }Sn, SI. Carbonatk of limk, a ran* 
form nu'l with in alkalim* urine. Il is most 
usual as an amorphous powder. 

Kij;. 8‘>. Ultimate granules of hone, iso- 
lated ^nd in small masses, Irom the femur. — 
(From a preparation of Mr. Tomes.) IVlajj:- 
nitied diameters. Prei)ared by prolonged 
boilinj^ in a Pa]iin\s dipester. j^lso may be. 
obtained by eal( ina!i<ai or <lip(‘stion in liydro- | 
chloric*, acid. 

Fip. 8^1. Vertical section of Cartilage at 
THE SKAT OF OSSIFICATION; the clusters of cells 
ar<* arranpcd in columns, the intercellular 
spaces between them being l-.‘V25Uths of an 


iiM*h in breadth. At the lowf*r end of the 
figure, osseous fibre's are sc'c'n oc(*upying thi* 
intercellular spac'es, at first bounding tlie clus- 
ters hilerally, then splitting them longitudinally 
I and ('ijcircling eac'h separate (?ell. 'J’hc greater 
i opacity of this yiortion is due to a threefold 
i (*ause; tlu? increase of osseous fibres, the 
I opacity of the contents of the cells, and the 
midtiplication of oil-globules. 

Fig. 84. Transverse section of a part of 
the bone surrounding an Haversian canal, 
showing the pores commencing at the snrfai*e. 
a. anastonio.sing and passing from cavity to 
*f*avity. — jMagnified about rtbf) diameters. Frotn 
a preparation made by Mr. Totnes. 


FIG. s:>. 
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KI(i. SiK 



Fif^. 8.^). I'UANSVERSE SECTION of roiiipact I 
tissue fof Imnierus) rnafjniliefl about 
ineli'rs. 'I'liree of the Haversian canals are , 
se(‘n, with their concentric rinjis; also tlie cor- 
juiscles or lacuna"^ with the canaliculi exteiul- 
in»i from them across the direction of the 
lariiclla*. The Haversian apertures hail got | 
iilletl with debris in grimling down the sec- i 
lion, and therefore appear black in the figure, ■ 
which represents the object as viewed with 
transmitted light. 


Fig. ^<0. Vertical section of tlie Ena met, ol 
the human molar^tooth. 

Fig. h7. A, Transverse section of Knamkl, 
showingMie, hexagonal form of its ])>isnis-, B, 
separated prisms. 

Fig TeANSVERJ^K SECTIONS OF TUBULES 

OF DENTIN E, showing their cavities, waUs, and 
the intertubular tissue, a. Ordinary distance 
apart b. Mt»re crowded, r. Ant)ther view. 
Human molar. — Magnified blO diameters. 


i 



Fij^. 89. FoiiMATiok OF Enamel; //, primary 
suspended in finid hlastema /, the same 
more lully devcdoped and betMJine angular 
llie same becoming prismatic; A, the nucleus 
rlisapp(*nring ; /, tlie riiodifieu priunafic cells, 
filled with calcareous salts, forming the fibres 
of enamel. 

t 

Fig. 90. Formation or the ci menthm: wi, 
primary cells; p, their granular nuclei; w, 


more minutely granular blastema; o, the pri- 
mary cell enlarged, and rectuving the harden- 
ing salts; 7 /, calcified blastema ; 7 /, stellate 

nuclei of fully formed cemental cells. 

Fig. 91. Section of the branchial carti- 
lage OF TAOeoLE; «, group of four cel 1 .^ 4 , sepa- 
rating from each other; />, j)air of cells in ap- 
position; c', r, mudei of cartilage cells; d, 
cavity containing three cells. 







PLATE XV. 


FHJ. 93. FIG, 94. 



Fij;. 02. Skction or fibRO CABTILAGE ; | under tho Jicrtoral muscle, rnaguifird .120 d 
sliowiii^ disj)f>.«^ition ol’ cartilage cadis, in arcaila* 

nf fibrous tissue. Kig. 01. White fibrous tissue: — 2. 

Straight a]>peanmcL- ol' the tissue^ when^tretch- 
Fig. on. The two elements of areolar ^ ^ ^ ^ Various wavy ai»i>earances 

tissue, in their nataral relations to one an- ^ j' ibe’ tissue exhibits when not stretched, 
other .—1. The white librous element, with | J.jO diameters, 

cell-nuclei, 0, sjiaringly visible in it. 2. The 

yellow hbrous elc?ment, showing the branch- Fig. 0r». \ ellow fibrous TISSUE, .sliowiiig 
ing or nnastninosiiig cdiaracter of its fibrilla*. die curly and branched dis[)Ositioii of its tibrilhe, 
n. Fibrilla' of tht» yc'llow element, far finer their chuinitc? outline, and abrupt mcxleoffrac- 

than the rest, but having a similar curly cha- tnre. At 1, the structure is not di.sturbed, as 

racter. S. Nucdeolated (‘ell-nuclei, often seeii^ i in the rest of tht^ spt'ciinen. Magnified 
apparently loose. — From the areolar tissue I dianieter'< 



PLATE XVI. 


Fin. 97. 




Fit;. 91). Cells of adipose tissue. Maj;- 
iiiliod 135 diaineior.s. * 

Fi;^. 97. F.\t-vksicles a-sspiniinji the |)<)ly' 
liedral form, from pressnro Ht;aiiisl one an- 
other. 'riie capillary vessels arq. not repre- 
sented. From llie omentimi ; ina^tuded about 
300 diameters. 

Fi". 9S. Bloodvessels of fat . — 1 . Minute 
flattened fat lobule, in whiidi the vessel.^ only 
are represented. 3. The tertninal artery. 4. 
'The primitive vein. 5. The fat-vesieles of 


I one border of the lobule, separately rey>re 
sented. Magnili(‘d 100 diameters. — '1. Plan 
of the arrangement of the eai)illarit*s on the 
exterior of the vesiclc.s: more highly magni- 
fied. 

Fig. 99. Fat-globules. 

Fig. 100. Fat-vesicles from an emaciated 
subject: — 1,1. The cell-membrane. 2, ‘J, t2. 
The solid portion collected as a star-like mass, 
with the elaine in connection with it, but not 
(iling the cell. 


J’LATE WII. 



wg- 101, FaT-CKLLS and IJRANIIliAU MAT- 
TER, from a steatomatous tumor of rfie ovary. 

Fijr. 10t2. STRUCj^liRE OF A FATTY TUMOR ro- 
tnovod from the hack. Lijiomc. a. J>oIatetl 
f'ells phowirij; the crystalline nucleus of’ mar- 
Karic acid. — Bennett. 

Fin:. 103. Vertical section of the Skin 
OF THE Tiittmr, .shf)win|» tlie Fpidnnnis and 
<U4ter layer of the Corinni ; treatcnl with acetic 
*icid ; r/, horny layer of E})id(*rinis ; /», mucous 
layer; r, cutis vera ; rf, single iJapilla ; r, com- 
posite papilla; /, epithelium of the i)er.‘!{)ira- 
tory duct, continuous witli the mucous layer 
of the epidermis ; canal of the same tl)rough 
the cutis; /i, its passaj^e through the horny 
portion ; /, perspiratory pore. 

Fig. 104. IIaib-bulti of a well-developkp ^ 
Human Hair, with its follicle: u, medullary 
6 


substance, containing an-^paccs, with indistinct 
ctdis; 4, fibrous Cl irtica I sidistarn*!' ; r, i/, inner 
and outer layers ol' tlic scaly (mvclope; r, /', 
inner and outer layers of the interna] root 
sbeatb ; external rooi-sbcath ; /i, structureics.s 
membrane; i, transverse fibre-stratum; A',Jon- 
gitudinal fibre-stratum ; /, hiiir-pajiillji ; ?//, low- 
est cells of tlie hair-bulb, continuous with 
those of the ( Xtcrnal rdlit-slicath ; a, perjam- 
dicularly-arranged nucleated cells, which, near 
bectane non-ni»lcntcd, and are coiirtnuous 
with the* inner layer rd' tlu' sraily envelope; 
o, small fier^ieiufecularly-arranged cells, like- 
wise mielealed, [lassing into liie outer layer f)f 
the same; p, lowest jiortion of the inner rotit- 
slieath ; r, eommencc^K'iit of the medullary 
substam-e in the condition of colnrlessf ctdis ; 
«, part where the ctdis of the liulb begin visibly 
to lengthen theinselve^J, to form tbt'. fusiform 
cells of the shaft. 


PLATE XVllI. 

FIG. 105. 


FIG. J07. 



Fin. Fusiform cells of Sj«ooth Mils- 
CULAU Fiurf., from tlie renal vein of Man- 
a, two cells in their nalnnil state, one of them 
showing the stali'-sha])e(l nnelens; />, a cell 
treat(Mi with acetic ac itl, with its nucleus r 
brought strongly into view. 

Fig. 100. Fibkes or UNSTiUPEn Muscle : 
c. In Vheir natural state. Treated with 
acetic acid, showing the corpuscles, b. Cor- 
puscles, or nuclei, detached, showing their 
various appearances. 

Fig. J07. Stages of "’iie l)Ev»:LorMENT or 
STR1PP4) Muscular Fibre : 1. Arrangement 
of the primitive cells in a linear series. — After 


I S diwann. ‘2. Tin* cells united. The *^aiclei 
j separated, and some broken nj) ; loTVj?itnd*inal 
: lines beeoming at»parent.— From a Octal calf 
I three indues long. .‘I, '1 Transverse stripes 
i apparent. In d, the nuc-lei are internal, and 
! bulge the libre. In *4, they are jiromincnl on 
i the surface. — From a fo'tal c.alf of two months 
i old. 5. Transver.se stripes, fnlly formed and 
I dark ; nuchn disajipearing from view. — From 
I the human infant at birth. 0. Kleinentary 
I libre from tlie adult, tr(?ated with acid,' sliow- 
ing the nuclei. — Magnilied about dOO diam. 

Fig. ]0S. 1 \)rtj()n of .Strtatkp Muscular 
Fibre separating into disk.‘4, by cleavagi* in 
direction of transverse stria*. 



FIG. 109. 


PLATE XIX. 



Fij;. 109. Strttcture of I’untiLAR Nerve- i 
Firreh, Tnaj'nitied *ir)U dimneters : A, c-ylindri- ; 
cal tubuli IVoni nerve ; B, varicose tnbiili Trcin) i 
brfiin ; nerve-lubes, of which <)ne exhibits ! 
tlie reiiairis of nuchh in its walls. ‘ 

i 

Fifi?. 110. Primitive Fibres and Gangli- 1 
ONic Globules of hinnan Brain, after Pnrkinje » ! 
A, ganglionic globules lying amongst varku)se j 
nerve-tubes, and bkK)d vessels, in substance of j 
optic thalamus; «, globule, more enlarged; 1 


small vaseidar trunk. B, B, globules, with va- 
riously turnied ]V*dinK‘h*s, jrotn <lark portion 
of crus c<*rcbri. TlhO diam. 

Fig. II 1. *VELLow^ruBER(;LE ; crude mass. 

Fig. 11‘2. Gray Tubercle ; miliary granu- 
lation. 

Fig. 113. 'J’l BBRCLE-coRPUftCLES from the 
peritoneum, n, tlie same, after the addition 
of acetic acid. 



»LATE XX. 


FKi. 114. 


KKi. 115. 


FlC. 118. 





FIG. 117. 


FIG. IIH. 


FIG. 120 . 
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FIG. 12:<. 




Fi^. 114. XuiSKTiCLKcoKPr, sci.es, f!;ranuk*s, 
arj(l molecules, frcjiii a .soft tnlM‘r(,*iil:ir mass in 
the lun^. 250 diaimners linear. 

Fig. 115. TuBEiiCiaE-conruscLKS, from a 
mesenteric gland. 

t .. 

Fig. HO. Isolated Tiojeucle-corpuscles. 
On the right are f<:)nr hlood-glohnles. ^ 

Fig. 117. a. Natural apj)enranee of Pus- 
CORPirscLES, h, Apjaviranee after appli(;ation 
of acetic a(hd. 

Fig. 118. Pus-COKPUSCLES, magnihed 400 
diameters. 

Fig. 119. Healthf Pus cells. 

Fig. 120. Pus OORPUSCLKS OF CaNCER, IllJlg- 


riilied 8*15 diameters, ry. Type form bcdlire 
the addition oi' any reactive. r. Outline oi' 
nucleus seen surrounded hy thi(!k granulations. 

! Fig, 121. The same, after tlie application of 
j acetic acid. s. The irregular contour of tlu‘ 
corpuscle freed from the granulations, leaving 
; the nuclei clear. t. Characteristic liucdeus 
I without any nucleolus, u. Freti nuclei, the 
I wails having been d(?slroyed. Diamettir of 
pus-corpuscle varie.s from l-JOOtli to l-80tli 
• millimetre, that of the nucleus l-y.‘J3d. v. 
kemiiant of contour. 

Fig. 122. Scrofulous Pus : a large glome- 
i ruins is shown, aiul some oil drops. 

; Fig. 123. Scrofulous Pus from a lymj)hatic 
' gland. 250 diameters linear. 



PLATE XXL 



Fig. l:M. Peptic (tAsthic Geanp ; if, cAm\- ; 

ninii trmilc h,b, its i-iiii'f branclu-s ; r, r, lerriii- ; 
mil (v.rt^a with sj)lii*roi(l{il glaiul-<n'lls. 1 

Fig. PJO. 'rraiisvorst-. Section 
tlnough a clustc'r of CIASTUIG gj-'.CA, sepaniled j 
anfl piirroumled by fibrous tissue ; n,(t, oriliees | 
of divided capillaries. 

Fig. 1:20. IVlTTCoua Gasthtc Glani>, with 
(‘ylinder-e])ithtdiLni:i ; «, wide trunk; b, h, its 

< a cral appendages. 

Fig. 127. Horizontal Section of a SxOMACll- 
CELL, a little way within its oriliee. a. Base- 
ment membrane. b. Cohminar epitlielium. 
All but the centre of the cavity of the cell . 
occupied by tiutisparent mucus, which seems | 
to have oozed from the open extremities of the 

epithelial jjarticles. Fibrous matiix siir- 


rouiuling and sn]>porting tin* basement mem- 
brane. d. Small bloo« I vessel. 

Fig. 12S. Capili.aky Network ol tln’i lining 
membrane of the Sionpt»-h, with tin* orilures 
of the ga.stric follicles. 

Fif!. 129. A I«*rti(.ti of the Muooun Mem- 
brane OK THE Stomaoh, miittnilloil sev.-iiiy- 

tive tiinl*s., Tlif’ iilvcoli iii<-iisiiri-il l-2('i)th of 

„ri in. h in leiRtth, l.y l-25(lth in bren.llli ; thr 
wiaih of the septn hoioK l-IOOUth of nti inch. 
The smitllcr nl vcoli* incnsiireil ]-2r>()thol nn 
inch in length, timl l-;i(IUth in hrcadtR. The 
triful or qntnlriliil division ol' a small artery is 
seen at tlic bottom of each ulveolns, and in 
the tlepressions between the divisions (d die 
artery, the apertures of the gastric follicles ; 
two, three, or four in each depression. 


FIG. 132. 


PLATE XXIL 


FIG. 130. FIG. 131. 



Fi^. 130. One of ilie I'iibular Follicles j 
oftlie Fia’s Stomach, aAer Wasiiifinn, fiii o}>- ! 
Ii(|ii(‘ly sf» as to (Osplay the upper [lari of its j 
eavity, with the eylindrical epitiieliuin forming j 
its walls. At the lower i>art of the folliele, ■ 
the external imcleattHl extremities of llic cy- j 
linilers of ej>ithelium are seen. 

Fig. 131. Section of the Mucous Membrane 
<» f the Small Intestine in the Dog, showing 
LiehiTkilhn’s follicles ainl villi, a. Villi, fj. 
Lieberkillm's follicles, c. Other coats of the 
intestine. 

■- 

Fig. 132. One of the INTESTINAL VlLH, 
with the commencement of a Lac*bal. 

Fig. 133. A portion of the Mroous Mem- 
brane of the Large Intestine, niagnilied 
seventy-live times. '^Fhc alveoli measnreil 
l-^hOth of an inch in length, by l-45Uth in 
breniUh; the septa between the alveoli measur- 


ing 1-ObOth of an inch in width. The alveoli 
an* le.ss regular in fortn and shallower than 
thfjse of the stomach ; and in the bottom of 
each is a gland with a central <*xcrelory RJjjfT- 
ture. In some of the larger alveoli there are 
two glands. 

Fig. 131. A. Transverse «ectioii of Lieber- 
kuiin's tubes or follicles, showing tlie hase- 
I nient-iTiembrane and snbcolumnar epithelium 
j of their walls, with tlie areolar tissue which 
j eonnetJls the tubes, a. Tla.semenT-membrane 
j and epithelium, con.stiluting the wall of the 
I luhe, A. Cavity or lumen of the tube. Mag- 
nified 200 diameters. — B. A single Lieber- 
, kilim's tube*, liighly magnified. A haiJpy ae- 
j eidental section in the oblique directum has 
starved to display very di.stinctJy the form and 
mode of j>aeking of the epithelial particles, 
the e.avity of the tube, and the mosaic pave- 
ment of its exterior, a. Basement-membrane, 
r. Internal surface of the wall of the tulx!. 
Magnified 200 diameters. 



FIG. 136. 


FIG. 138. 


FIG. 13‘). 




Fi^. 13r). Distribution of Capillaries in \ with Lirhfrkiilin’.s folliclos and sprinkled witii 


llui Villi of the Intestine. 

Fig. i;jG. Solitary Gland of Small Intes- 
tine. After Boehrn. 

Fig. 137. Part of a Patch af the so-ealled 
Pei’er’s Glands magniiied, show ing tlie vari- 


villi. After IWIan. 

Fig. 1 . 5 s. Bloc I) VE. 98 ELS of an iNTESTiNAL 
V 1 LLTT 8 , reiifesentiijg the arrangement ot capil- 
laries hetween the ultimate venous and arterial 
branches j If 1, the aj^eries; 2, the vein. 

Fig. 139. Air-cells of Human LuNb, with 
intervening ti.ssntis : e, epitlieliurn ; elastic 


ons forms of the sac<‘nli, with their zone of ; tndiecnlf; r, membranous wall, with tine 
foramina. The rest of the membrane marked ^ elastic fibres. 






V\(l i-i:?. 


]'\n II-2. 



Fi^. 140 ol>li<ji(e section thron«;li a 

HUONCiriAL TlTBK, showing ..T o llu* ravity f)!’ 
the tube. If Its lining inemhraiie, ooutaiihiig 
bloodvessels W'ith largo aroohe. t,f\ Pertbra- 
tions in tliis iru’tiibraL.'e, where it eeasos at the 
orilioes of the lobular passages, d, d. i% f, ' 
Si)aees between eontignous lobules, eoiitaiuiiig ; 
the tt*rminul })nhnonary nrtei i«>s and veins , 
sm»plying the capillary pJe^xus, -J\ to the . 
meshes f)f which tlu' air gains aeet*ss by the 
lobular passages. 

t- 

Fig. 1 11 vXmkangkment of the Capii.t.aiues 
of the Alll-CELES oi the llUMAN l.,TIXG. 

Fig. 14-2. A. SePAKATKD FtMTIIKLlUM-CKEES, 
a, with nnelei, and inielenli, r, frr»ni nmc*ous ^ 
membratu* <jf the month. ir I’avemeiit epi- ' 
theliuin of tlie imieous membrane of the i 
smaller bronchial tubes : e, nuclei with doidjle 
mu'leoli. 

Fig. 143. Ei'Ithkj.ium of Sithoit.s Mkm- 


itHANR. At an accidental /bid is reprc'- 
si*nt«Ml, the two dark t'llge.s of which exliibit 
the thi<*kness of the particles, and t)f their 
nuclei. //. One of the oval nuclei. r. Line 
<^)r junction betvv'cen two 2 )artieles. — jVlagniiied 
300 <lia meters. 

Fig. 144. A. Epithelium detached, and 
free in thc^ cavity of the duodennm, taken, 
imine<liately after tleath, from a tlog fed '2i 
hours he/bre. Eaeh eel I is fillerl wdlh appa- 
rtnjtly fatty matter, partly granular and partly 
in globules. Magui/ied 000 diameters. B. 
'riie .same*, suHi're»l to stay an hour or two un- 
der tlie mic'roseope, sliow'ing tlie fatty matm ial 
aggregate<J into larger globules, tlie rest of tlie 
eell-.«;triK-tnre having become indisiinc*l. 

Fig. 145 I'PlTtlELlAL CELLS IX UkINE. 

Fig. 14f». PjUMAKY ORGANIC Cell, showing 
llie cell-membrane, the nucleus, and the nu- 
cleolus. 
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ABSOKPTroN, ii. 370-384 

of chyle by the villi, ii. 27 
Acetamide, i. 58 
Acetic acid, i. 57 

in the sweat, ii. 105 
Acetone, i. 58 

Acid albumen of Panum, i. 296, 301, 574 
Acid animal fluids, ii. 357 
Acid phosphates, their occurrence in allfuices 
presenting an acid reaction, ii. 350 
probably dependent on the presence of 
fibre -cells, ii. 352 

Acidity of the »rine, its fluctuations, 

Acids, conjugated, i. 169 

Acrolein, i. 217 

Acrylic acid, i. 217 

Adipocire, formation of, ii. 341 

Ago, its influence on the respiration, ii. 458 

Air, expired, ii. 433 

Alanine, i. 88 

Albumen, i, 294 

its properties, i. 294 
soluble, i. 294 
coagulated, i. 208 
its composition, i. 298 
its combinations, i, 299 
its preparation, i. 301 
its tests, i. 301, 302 
its quantitative determination, i. 304 
its occurrence, i. 306 ; in the bile, i. 
464 ; in the blood, i. 307, 586 ; in the 
chyle, i. 307 ; ii, 20, 23 ; jin the egg- 
fluids, i. 307 ; ii. 76 ; in excrements, i. 
309, 537 ; in the excretions, i. 308 ; 
in exudations, ii. 280, 288 ; in the in- 
testine, i. il5 ; in liquor amnii, i. 308 ; 
in the lymph, i. 307; ii. 32; in mucus, 
ii. 88 ; iri muscular juice, ii. 240 ; in pus, 
ii. 298 ; in saliva, i. 425 ; in the tissues, 
i. 307 ; in transudations, i. 43 ; in the 
urine, i. 308 

its origin, i. 309 ' 

its uses, i. 309 

on the modes in which it escapes into the 
urine in Bright’s disease, ii. 134 
Mialhe and rressat, on the successive 
metamorphoses of, i. 300 
Albumen, vegetable, i. 354 
Albumen-peptone, i, 453 
Albumen-protein, i. 299 
Albuminate, alkaline, i. 297 
Albuminate of soda, i. 296 
Albuminates, their digestion by the intestinal 
juice, i. 512 

Albuminose, i. 301, 450 ^ 


Albuminous bodies, i. 289, 295 

Panum’s experiments on the, i. 295 
their importance in the metamorphosis of 
matter, ii. 337 
their digestion, ii. 405 
g, il]cir digestibility, ii. 417 
Albuminous transudations, ii. 40 
Albuminuria, ii. 134 

Alcoholic efrinks, their effect on the respira* 
tion, ii. yO 
Aldehydes, i. 42 
Aldehyde of butyric acid, i. 63 
9 of capric acid, i. 73 
• of metacetonic acii, i. 61 

of cenanthylic acid, i. 71 ^ 

Alkali and free acid,^he importance of their 
unequal distri^.i^on in the animal fluids, 
ii. 349 ^ 

Alkalies, their importance in the oxidation and 
metamoJplfosis of matter, ii. 354-362 
Alkaline albuminate, i. 297 
animal fluids, ii. 357 
Alkaline carbonates, i. 392 

their occurrence in the bile, i. 462 ; in the 
blood, ii. 353 ; in the blood-serum, i. 
590, 622 ; in the fluids of the egg, ii. 
82; in the lymph, ii. 33 ; in milk, ii. 
62; in transudations, ii. 54; in urir^, 
ii. 126; in vegetable ash, ii. 323 
Alkaline chlorides m exudations, ii. 300 ; in 
mucus, ii. 89 ; in saliva, i. 421 ; in transuda- 
tions, ii. 53 

Alkaline lactates, i. 87 

their ^currence in chyle, ii. 21 ; in 
lymph, i. 96 ; ii. 33 ; in transudations, 
it. 51 

Alkaline phosphites, i. 395 

their occurrence and importance, i. 395; 
in the blood (the mtercellular fluid), 
i. 568; in the chyle, li. 21 ; in the fluids 
of the egg, ii. 80 ,**in the lymph, ii. 33 ; 
in milk, ii. 62 ; in the saliva, i. 421 ; 
in the seminal fluid, ii, 71 ; in the 
urine, ii. 114; in vegetable ash, ii. 
323 

AlkalinMtyphates, i. 398 

their occurrence in the blood (the serum), 
i. 590 ; in the chyle, ii. 21 ; in the 
iympl^ ii. 33 ; in the saliva, i. 421 ; in 
the urine, i. 399, ii. 113; in vegetable 
ash, ii. 323 « 

the changes which they undergo when 
introduced into the system, i. 398 
Alkalinity of the blood, how preserved, ii. 
354 
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Alkaloids containing oxygen, i. 125 
nou-oxygcnous, i. 122 
Alkarsin, i.58 
Allantoic acid, i. 162 
fluid of calf, ii. 168 
Allanloine, i. 161 
Alloxan, i. 186 
Alloxanic acid, i. 186 
Alloxantin, i. 189 

its probable conversion in the system into 
urea, ii. 131 

Almonds, oil of bitter, i. 82 
Alumina in the animal body, i. 401 
Ambreic acid, i. 248 

Ambrcin, i. 248 < 

Amide compounds, i. 44 
Ammonia in the blood, i. 624 

Boussingault’s method of determining its 
amount in urine, i. 404 
Ammoniacal salts in the animal body, i. 403 
their occurrence in certain animal fluids, 

i. 403 

their augmentation in typhus, i. 405^ , 

in the lymph, ii. 33 
their oxidation in the system, ii. 127 
Ammonium, chloride of, in gastric juice, i. 
442; in urine, ii. 141; in yo,‘k of egg, 

ii. 79 

sulphide of, in bile, i. 465 ; in pus, ii. 301 
Amphibians, respiration of, ii. 461 
Amygdalin, the chang» s which it undergoes 
in the cyganism, ii. 132 
Amyloid, i. 266 ^ 

Antemitt, blood in, i. 634T urine in, ii. 170 
Analysis of animal juices, 1^305, 408 
Anilides, i. 123 

Aniline, i. 123 * 

Animal heat, ii. 479 
juices, i. 407 

Anoxidic substances, L 370 
Apatite crystals in fossil bones, ii. 197 
Aposepidine, i. 137 

Areolar tissue. See Connective tissue, ii. 
209 

Arrangement of zoo-chemical substances, i. 
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Arsenic in the animal body, i. 401 
Artificial atmospheres, respiration of, ii. 440 
Ash- analyses, i. 368-373 
Asparagine, biliary, i. 166 
Atmosphere, the cause of the conihtant com- 
position of the, ii. 318 

Atmospheric conditions, th^ir effect on the 
respiration, ii. 442 

Atomic weight, how determined, i. 39 
Axis-cylinder, the^ in nerves, ii. 259 
Azobenzide, i. 82, o3 
Azoleic acid, i, 71 ® 


Bases, i. 121 

Beaver, the, its power of digesting cellulose, 
ii. 384 ^ ^ ^ 

v. Becker’s laws regarding the aosorption of 
sugar by the intestine, ii^ 398-401 
Benzamide, i. 82 
BenKidame, i. 124 
Benzidine, i. 82 

a term applied to two different substances, 
i. 124 

Benzile, i. 82 


Benzine, i. 83 
Benzoic acid group, i. 79 
Benzoic acid, i. 81 

its occurrence in caslorcum and in pre- 
putial smegma of the horse, ii. 97 
its conversion in the system into hippuric 
acid, ii. 128 

its passage into the sweats ii. 106 
on the transforfiaationj^wiihin the system 
of the acids analogous to, i. 180 
Benzoin, i. 82 * 

Benzol, i. 83 
Benzonitrile, i. 82 
Benzoyl, hydride of, i. 82 
Bezoardic acid, i. 540 
Bezoars, i. 113 

their classification, i. 540 
Bile, i. 4.57 

mode of obtaining it, i. 458 
its essential constituents, i. 459, 462 
of animals, i.460; of fishes, i. 460; of the 
dog, i. 461 ; of the sheep, i. 461 ; of the 
pig, i. 461 ; of the goose, i. 461 ; of 
serpents, i. 461 

its abnormal constituents, i. 463 
iwditferent diseases, i. 464 
method of analyzing, i. 467 
its absMute quantity in 24 hours, i. 471 
its origin or formation, i, 474 
changes which it undergoes in the intes- 
^tine, i. 490, 517 
its functions, i. 491 

its peculiar characters after retention in 
the gall-bladder, i. 463 
the period after a meal at which it attains 
its maximum, i. 472 

the eflect of inanition on the secretion, i. 
472 

its relation to the quantity of food, i. 472 
^the influence exerted on it by the nature 
of the food, i. 472 

the influence exerted upon it by the in- 
gestion of water, i. 473 
the evidence that a large portion docs not 
pass through the gall-bladder, i. 473 
its influence on the digestion of the fats, 
i. 494 

its essential constituents formed in th# 
liver, 476 

Bil^-pigment, i. 277 ; i. 451 
Biliary acids in the urine, ii. 140 
asparagine, i. 166 
concretions, i. 468 * 

fat, i. 244 

secretion, physiological peculiarities of 
the, i. 476 
Bilic acid, 1. 201 
Bilifulvin, i. 279 

of Virchow distinct from the bilifulvin of 
Berzelius, i. 279 
Bilin, i. 208 
BilipbaBin, i. 278 
Biliverdin, i. 278 
Binoxidc of protein, i. 316 
Birds, respiration of, ii. 460 
urine of, ii. 168 
Bisuccinamide, i. 77 
Biuret, i. 144, 146 
Blood, i. 541 

obstacles to an early knowledge of its 
constitution, i. 541 
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DIood, specific gravity of, i. 542 
its color, i. 542 
its coagulation, i. 542, 577 
its blood-corpuscles or globules, i. 543, 
641 

their form and size in different animals, i. 
543 

its colorless blood-corpuscles, i. 544, 57C, 
640 • 

its other formal elements, i. 545 
mechanical division of the blood into 
coagulating substance, serum, and 
blood -corpuscles, i. 545 
constituents of 1000 parts of blood-cor- 
puscles, i. 546 
of liquor sanguinis, i. 546 
sinking tendency of the corpuscles, i. 
547 

their specific gravity, i. 548. 
other causes of the sinking tendency, i. 
510 

connection between the color and form 
of the corpuscles, i. 552 
cflccts of various reagents on the form of 
the corpuscles and on its color, i. 555 
individual constituents of the blowd-cor- 
puscles, i.!563 
the cell- wall, i. 564 
globulin and hamiatin, i. 566 
the iiuclet of the corpuscles, i. 566 
fnt, i. 567 ' ' 

extractive matters, i. 567 
mineral constituents, i. 567 
gases of the blood, i. 570, 623 
observations of Magnus on the free gases 
of the blood, i. 570 
fibrinous flukes in, i. 
its intercellular fluid, i. 5*77 
fibrin, i. 577 

conditions modifying its coagulation, i. 

577 • 

consistence of the clot, i. 579 
form of tlie ciot, i. 581 
the bn fly coat, i. 582 

turbidity of the serum iu certain cases, i. 
583 

the different kinds of blood in the dead 
body, i. 584 

constituents of the serum, i« 586, 6J3 
albumen, i. 586, 617 
fat, i. 587, 619 

extractive matters, i. 589, 621 
sugar, i. 589, 623 
urea, uric acid, and hippuric acid, i. 589 
salts, i. 590 
pigment, i. 590 
odor of the blood, i. 590 
methods of analyzing the blood, i. 591 
quantitative determination of the moist ' 
blood-cells, i. 595 

quantity of blood- cells in the blood, i. , 
602 ; their number in a cubic millime- 
tre, i. 597, 603 

quantitative composition of the blood- 
cells, i. 606 

quantity of fibrin in healthy and diseased 
blood, i. 612 

quantity of water in healthy and diseased 
blood, i. 613 

abnormal constituents of the blood, i. 
623 

a 


Blood in various physiological conditions, i. 
626 

of various animals, i. 626 ; of mammals, 

i. 626 ; of birds, i. 627 ; of cold-blooded 
vertebrata, i. 627; of molluscs, i. 627; 
of insects, i. 628 

in different bloodvessels, i. 629 ; arterial 
blood, i. 629; portal blood, i. 629; 
blood of the hepatic veins, i. 629 ; of 
the splenic vein, i. 630 
menstrual, i. 631 
of placental vessels, i.631 
during digestion, i. 631 
during i»rolonged fasting, and after re- 
peated ven(\s(*ction, i. 63] 
in special discuses, i. 633 
quantity of blood in the Ixxly, i. 638 
seat of formation of the colorless blood- 
cells, i. 497, 640 

formation of the colored corpuscles, i, 641 
function of the blood-corpuscles, i. 642 
their final metnniorplmsis, i. 646 
^ ihe slate in which ine oxygen exists in 
it, i. 571 

the source of its carbonic acid, ii. 473 
the influence excTted on it by food, ii. 

494 

Blue milk, ii. 58 

Bone. See Osaeous tissue ; ii 183 
B^ne-{;artil}ig(', ii. 187 
Bone-corpuseles, ii. Iii4 
Brain. St'e Nerves and brain ; ii.^48 
Branchial respiral ioJ, ii. 463 
Buekd on the ain,/ini of phosphoric acid in 
the urine, ii. 1 W, 153. 

Bright’s disease, blood in, i. 634 
transu^iitTons in, ii. 46 
urine in, ii. 109, 134 
Bristles, e.ornposition of, ii. 221 
Buccal hiucous membrane, secretion of, i. 419 
Bully coal of the blood, i. 582 
Butler, i. 64, ii. 59 
Buiyramide, i. 63 
Butyric acid, i. 62 

in the gastric juice, i. 457 ; in the swjgat, 

ii. lyo, Iu5; in the urine, ii. 140 
Buf)^rie-acid group, i. 41-76 
Biiiyro-aceiic acid,i. 60 

(’aj.cci,!, formation of biliary, i. 470 
of sal^ary, i. 427 
of urinary, ii. 123 

Calcium, fluoride of, in the animal body, i. 
383 • 

its occurrence, i. 383 
its origin, i. 383 ^ 

Calves, urmeof, ii. 167 

Canaliculi medullares.li. 183 

Cane-sugar, on ilie digestion of, ii. 401 

Capric acid, i. 73 

Caproic acid, i. Rd 

Caprylic acid, i. 71 

Cnprylam^ i. 7i> 

Carhozotic acid, i. 172 

Carbo-hydrates, ibeir formation in plants, it. 
327 . 

their importance in the metamorphosis of 
matter, ii. 346 
on the digestion of, ii. 384 
Carbolic acid in caatoreum, ii. 96 
difficulty in testing for, ii. 97 



536 


INDEX. 


Carbonate of lime in the animal body, i. 378 ; 
in the bones, i. 379 ; in the urine of grani- 
vora, i. 378 ; in animal concretions, i. 379 ; 
in the body, origin of, i. 380 
Carbonate of magnesia in the animal body, i. 
400 

Carbonate of soda in the animal body, i. 392 
proof that it exists in the blood, i. 392 
its probable use in respiration, i. 394 
Carbonic acid in expired air, ii. 435 

quantity exhaled in 24 hours, ii. 435 
conditions influencing its excretion, ii. 
436 

frequency of the respirations, ii. 436 
deptli of the respiratory movements, ii. 

439 

obstruction of the respiration, ii. 439 
respiration of artificial atmospheres, ii. 

440 

oxygen and air rich in oxygen, ii. 440 

air rich in carbonic acid, ii. 440 

air rich in nitrogen, ii. 441 

nitrous oxide, C 441 

hydrogen gas, ii. 441 « 

carbonic oxide gas, ii. 442 

temperature of the atmosphere, ii. 442 

moisture of the atmosphere, ii.^444* 

pressure of the atmosphere, ii. 4*45 

periods of the day, ii. 446 

abstinence from food, ii. 447 

digestion, ii. 449 * 

nature of the food, ft. 450 

quanlky of the food,*ii. 454 

sleep, ii. 456 V 

bodily excjrcise, ii. 45^^ 

age, li. 458 

sex, ii. 458 • ^ 

bodily constitution, ii. 459 ^ 

its pre-existence in the fluids of the 
tissues, ii. 473 

of the blood, where formed, ii. 475 
and oxygen, their chemical action on the 
blood-corpuscles, i. 573 
Carboniiric acid, i. 172 

Carcinoma, blood in, i. 637; vomited matters 
ic., i. 528 
Cartilage, ii. 204 

its histological and micro-chemical rela- 
tions, ii. 205-208 
cartilage-cells or cavities, ii, 207 
its chemical composition, ii. 201! 

Caries, ii. 196 
Casein, i. 332 

its occurrence in milk, i.*340; the effect 
of animal diet on its (piantity, i. 341 ; 
its occurrence in the milk-globules, i. 
341 ; in the blood, ii.482 
its presumed existence in excess in the 
blood of pregnant and puerperal wo- 
men, i, 586 ; in the yolk of egg, ii. 76 ; 
hi the urine, ii. 136; in the fluid per- 
meating the middle arterial coat, ii. 

Its properties, i. 332 f 

products of its putrefaction, i. 336 
differences when obtai^d from the milk 
of diflerent aninial|^. i. 336 • 
its composition, i. 336 
*i)reparation, i. 337 
tests, i. 338 

quantitative determination, i. 340 


Casein, its physiological relations, i. 340 
origin, i. 344 
uses, i. 344 
Caseous oxide, i. 137 
Castoric acid, i. 248 
Castoreum, ii. 94-97 
Cnsiorin, i. 248 

Cell-formation dependent on the presence of 
fat, ii, 340. 

Cell-niernbrancs, Donders* view that they 
consist of elastic lissqe, ii. 213 
Cellular tissue. See Connective tissue, ii. 
209 

Cellulose, i. 266 

on ilie digestibility of, ii. 384 
' the peculiar power of the beaver to digest 
it, ii. 385 
Cerebrin, ii. 78 
Corcbrii* acid, ii. 262, 268 
Cerumen, ii. 95 
Ceiin, i, 243 

Cetyl, hydrated oxide of, i. 75 
Cetylaie of oxide of cetyl, i. 243 
Cetylic acid, i. 74 

Cliemico-experimental method, its impor- 
lancq^in zoo-chemistry, i. 28 
Chemistry, i)hysiological, considered ns an 
auxiliary /o medicine, i. 29; its relations 
to inorganic chemistry, i. 31; ii.304; to 
pathological chemistry, i. 31^ ii. 271, 471, 

, 523 ^ 

Chemistry, pathological, i. 31, 411 ; ii. 172, 
425,471.523 
Chit in, i. 365 

Chloride of ammonium. Sec Ammonium, 
chloride of. 

Chloride ofcalciyim in gastric juice, i. 442 
Chloride of rnrgnesium in gastric juice, i. 
442 

Chloride of potassium in the blood-cells, i. 
568 ; in the chyle, ii. 21 ; in the gastric 
juice, i. 442,457; in the saliva, i. 421; in 
the urine, ii. 112 
Chloride of sodium, i. 387 
its uses, i. 387 ; ii. 362 
occurrence in the animal fluids, i. 387 ; 
ii. 362 ; in the bile, i. 463 ; in the 
blood, i. 546, 590; in the chyle, ii, 
21 ; ^in exudations, i. 389 ; in the 
fluids of egg, ii. 80; in the gastric 
juice, i. 442 ; in the lymph, ii. 33 ; in 
milk, ii. 61 ; in mucus, ii. 89; in 
the muscular juice, ri, 242; in the 
pancreatic juice, i. 504 ; in the saliva, 
]. 421 ; in the sweat, ii. 99 ; in tran- 
Budutions, ii. 53 ; in the urine, ii. 
112 

origin, i. 391 

Chlorides in the urine, their amount, ii. 112 
Chlorine, Hegar on its amount in the urine, 
ii. 112 

its disappearance from the urine in pneu- 
monia and other diseases, ii. 113 
Chlorosis, blood in, i. 635 ; respiration in, ii. 
469 

Cholacrole, i. 117 
Cholalic acid, i. 1 15 
Choleic acid, i. 208 
Cholepyrrhin, i. 278 

Cholera, blood in, i. 634 ; intestinal evacua- 
tions in, i. 539 ; respiration in, ii. 470 ; 
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transudations in, ii. 53 ; vomited matters in, 
i. 529 

Cholesteric acid, i. 117 
Cholcsterilin, i. 2iG 
Cholesteriione, i. 246 
Cliolcsterin, i. 244 
Cholic acid, i. 114 

in the urine, ii. 140 
Cholinic acid, i. JIG • 

Choloidanic acid, i. 117 
Choloidic acid, i, 1H5 
Chondrin, i. 362 

th<i products of its decomposition, i. 362 
Hopptj’s method of preparing, i. 363 
Cinnamic acid, its conversion in the systeni 
into hipijuric acid, i. 180; ii. 129 
Classification of zoo-chernical substances, i. 
36 

Coagulation of the blood, i. 512, 577 
Chyle, ii. 17 

its properties, ii. 17 

morphological elements, ii. 17 
how to colb'ct, ii. 19 . . • 

its clu3!nical constituents, ii. 19; fibrin, 
ii. 19, 23; albumen, ii. 20, 23; pep- 
tones, ii, 20; fat, ii. 20, 23; «iigHr, ii. 
21; saltst ii. 21, 23 

influence of different varieties of food on 
the chyle, ii. 24 
its daily cjuaiitily, ii. 25, 34 
origin, ii. 27 

absorptionjjy tlie villi, ii. 27 
Chylous urine, ii. 137 
Colostrum, ii, 58, 63 
Colostrum-corpuscles, ii. 58 
Color of the blood, its causes, i. 552 
Coloring matters, i. \ 

Colorless blood-corpuscles, i. 544 
their relative numlier, i. 610 
their excessive occurrence in ^certain 
kinds of blood, i. 611 

Comparative analytical method, its impor- 
fauc(; in zoo-chemistry, i. 28 
Concretions, biliary, i. 468 
intestinal, i. 5'.>9 
Conjugated acids, i. 169 
Connective tissue, ii. 209 

its histological relaiitins, ii. 209 
chemical, composiiioi»ii. 209 
embryonic cotinective tissue, ii. ly 1 
Contractile fibre-cells, ii. 222 

their histological relations, ii. 222 
occurrence, ii. 222 
physiological relations, ii. 223 
micro-cliemieal reactions, ii. 223 
chemical relations, ii. 22G 
the interstitial fluid bathing thcm,ii. 227 
mode of investigating contractile tissue, 
ii. 229 

Copper in the animal body, i. 402 
Corj}S granuleux, ii, 58 
Copulated acids, i. 170 

Craniotabes, Schlossberger’s investigations 
regarding, ii. 195 
Creatine, i. 126 

in the blood, i, 129 
Creatinine, i. 131 

in the smooth muscles, i. 129 
blood, i. 129 
Crystalline, i. 124 
Crystals of the blood, i. 344, 572 


Curarine, on the digestion of, ii. 407 
Cutaneous secretions, ii, 93 
sebaceous matter, ii. 93 
sweat, ii. 98 

Cutaneous transpiration, influence of, ii. 465 
Cyanol, i. 124 

Cylindrical bodies in the urine, ii. 108 
Cystic bile, i. 463 
Cystic oxide, i. 164 
Cystine, i. 163 

in a sediment, to distinguish it from uri<' 
acid. ii. 143 

Cytoid corpuscles, ii. 291 
their size, ii. 293 

niicro-ehemicul reactions, ii, 294 
investing membrane, or cell- wall, 
ii. 296 

the substance of their nuclei, ii, 297 


Damat.uric acid, i. 112 
Danioloic acid, i. 112 
Delphic acid, i. 74 

Deoxidation in animals, processes of, ii. 
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in plants, ii. 329 

Dextriijn the blood, j. 257; in the intestine, 
i. 515 

Diabetes, the chemical composition of tlje 
, liver and kidneys in, i. 223 

th(3 blood in, i.J»37 ; the (excrements in, 
i. 537 ; ih(* vomited matter in, i. 530. 
urine not Jtcid in, i. 624 * 

Diabetic sugar, i 4554 
Diastase, i. 3.55# 
salivary, i. 430 
Diflluaii,#;. f87 
Ibgestion, ii. 368 

its relation to absorption, ii. 371 
physical ctonditions of absorption, ii. 373 
absorption by the capillaries and the 
lympharic.s, ii. 381 

yubHlati(!(;s absorbed directly by the 
bloodvessels, ii. 382 

substances not absorhed by the blood - 
v<j^s.scLs or lyiujiliatics, ii. 382 
Digestion of the carbo-liydrates, li. 38! ; ol 
cellulose, ii. 3H4 ; of gurn, ii. 38(i ; (»f 
siarcli, ii. 388 ; of inulin, ii. 389 ; ui 
grape-sugar (glucose), ii. 389-101 ; ol 
no-sugar, li. 401 ; of sugar ol niilk, ii. 
401 ; of vegetable mucus (bas.surin), ir. 
401 ; of vegetable jelly (pectin], ii. 402; 
of tlie fats, ii. 402-105; of the albumi- 
nous bodies, ii. 405 ; of emulsin, cura- 
rinc, &c., ii. 40ti 
absorption by the iScieals, ii. 408 
the daily tiuantiltcs of the digestive fluids, 
ii. 410 

influence of the nervous systen^on diges- 
tion anfl the digestive fluids, ii. 412- 
414 

digustibiiiiy of differonl kinds of food, ii. 
4-425; of soluble congulable albumen, 
ii. 417;, of blood-fibrin, ii. 41 ; of co 
i^gilable albumen, ii. 417; of boiled 
'ibrin, ii. 4W ; of soluble cttsein, ii. 419 ; 
of gc’latin and the gelatigen<]|<i8 tissues, 
ii. 419; of syntonin, ii. 420 ; of difTerenr 
kinds of fle^sh, ii. 420; of diflerently 
cooked meats, ii. 421 ; of fats, ii. 421 ; 
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Diucsiiou of vegetables, ii. 422 ; of starch, ii. | Exudation, Rokitansky’s arrangement, ii.27n 
423: of bread, ii. 423 1. Fibrinous exudations, ii. 279 


Digestive fluids, the amount secreted daily, 
ii. 410 

Digestive power of gastric juice, i. 453 
Disacronc, i. 217 
Disacryl, i. 217 
Docglic acid, i. Ill 
oxide, i. 244 

Drying of animal substances, i. 305 
Ductuii chalecophori, ii. 1^3 
Dysentery, blood in, i. 634 ; excrements in, 

i. 539 

Dyslysin, i. 116 

Eos, its chemical changes during incubation, 
ii. 51.5 

fluids of the. See Fluids of the Egg, ii. 
73. 

respiration of the, ii. 461 
Elaerin, ii. 95 
Elaidic acid, i. 110 
Klain, i. 220 *■ 

Elastic tissue, ii. 211 

its occurrence, ii. 21 1 

histological relations, ii. 211 
chemical constitution, ii. 212 
Elementary analysis, its value, i. 39 ;*insufli- 
ci<MU for the establishment of a formula, i. 
40 

Fillugic acid, i. 540 
Eniulsin, i. 355 ' 

on the digestion of, i, 406 
Kndosmosis, its influence onvj^ntestinal absorp- 
tion, ii. 373, 375 
EiiKnnadcrrn, i. 365 
Ei>id('rmis. »See IJorny tissue, ii* 2^4 
Erythrie acid, i. IHti 
Kthal, i. 75, 242 
Eilialic acid, i. 74 
Excrements, i. 517, 531 

their physical and chemical characters, i, 
517 

microscopical characters, i. 518 
amount, i. 518, 531 
characters in the fa;tus, i.^ 532 ; in 
the infant, i. 533 ^ 

ash, i. 533 

green coloration, i. 534 ; after ndnii- 
nislration of calomel, i, 531 ; after 
use of preparations of iron^ i. 535 
black coloration, i. 536 
abnormal constituents, i. 536 
in typhus, dysentery, and clu)lcra, i. 538 ; 
in diabetes, i. 537 

Excreirienis of various animals, i. 520; of 
butterflies, ii. 169 ; <of caterpillars, ii. 169 ; 
of insects, ii. 169; of«ea-fowl, ii. 169; of 
spiders, ii. 169. 

Excretine, i. 519 
Excretolid acid, i. 519 
Exostoses, analysis of, ii. 193 
Expired air. See Air, expired, ii. 433 ^ 
Extractive matter, i. 284 ^ 

Extractive matters of the urine, Scherer on 
their aniouni in relation to the weight, ii. 
Ill c * 

Exudations, ii. 271 

impeeflments to their investigation, ii. 272, 
277 

classification of exudations, ii. 278 


a Simple plastic exudations, ii. 280 
h Croupous exudations, ii. 284 
Aphthous exudations, ii. 285 
c ’rubcrculous exudations, ii. 286 

2. Albuminous exudations, ii. 288 
Serous dropsical exudqtions, ii. 289 

3. Purulent exudations, ii. 291 

a Pus, ii. 291 * 

its corpuwsles, ii. 291-298 
serum, ii. 298 

chemical constituents, ii. 
298 

^ acid pus, ii. 301 

h ichorous exudations, ii. 302 
c hffimorrhagic exudations, ii. 302 

F.iiCEs. See Excrements, i. 517, 531 
Fats, i. 218 

their chemical relations and general pro- 
perties, i. 218 
stearin, i. 219 
margarin, i. 220 
olein, i. 220 

prefyiration of the above fats, i. 220 
tests, i. 220 ' 

occurren^, i. 221 ; in the bile, i. 466 ; in 
the blood, i. 224, 238, .567, 587 ; in the 
bones, i. 222, ii. 191; in» the chyle, 
i. 224, ii. 20; in the excrements, i. 227. 
.5.*V6, 518; in the flmds of the egg, ii. 
77; in the hair, ii. 221 ; in the intes- 
tine, i. 517; in the kidneys, i. 223; in 
tlie liver, i. 227, 223; in the lympli, 
i. 225, ii. 33 ; in the milk, i. 226, ii. 59; 
in niiKuis, ii^89; in the muscles, ii. 239 ; 
in pus, i. ii. 299; in sebaceous 

matter, ii. 91 ; in the spleen, i 227 ; in 
the sweat, ii. 99; in transudaiions, ii. 
48; in the urine, i. 227, ii. 136 
their origin, i. 228, ii. 518 

probable formation from protein 
bodies, i. 231 , ii. 341 
formation from carbo-hydrates, i, 
229, ii. 347 

seat of the formation of fat, i. 230 
their uses, i. 232, ii. 340; of a mechanical 
nature, i, 232; as bad conductors of 
heat. i. 233; from their low specific 
gravity, i. 234 ; us supporters of animal 
heat, i. 235; as active agents in the 
metamorphosis of mat ter, 6. 236, ii. 340 ; 
in relation to the formation of bile, i. 
240, 481 ; in relation to coil-formation, 
i. 237, ii. 340 

the digestion of fat, ii. 402, 494 

changes which fat undergoes in its 
passage along the intestinal tract, 

ii. 402 

appearance of the villi during its absorp- 
tion, ii. 402 

mode by which the transition of fat from 
the intestine into the lacteals and 
bloodvessels is efiected, ii. 403 
the presence of bile essential to the ab- 
sorption of fat, ii. 405 
principally absorbed by the lacteals, but 
partly by the capillaries, ii. 405 
their presence in the urine, diagnostic im- 
portance of, ii. 137 
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Fats, their accumulation in certain organs in 
pathological states, i. 222 
Fattening of cattle, &c., ii. 513,517 
Fatly acids, oily, i, 108 ; solid, i, 103 ; volatile 
i. 42 

Fatty degeneration, ii. 342 
Favre, on the sweat, ii. 105 
Feathers, composition of, ii. 221 
Fehling, on tlie quantitative determination o 
sugar, i. 254 • 

Feilic acid, i. 110 ^ 

Forincntation-test for sugar, i. 253 
Fermentation of the urine, Scherer on the, ii. 
120 

Fever, blood in, i. 633 ; urine in, ii. 170 
Fibre- cells, contractile, ii. 222 
Fibrin, i. 311 

its composition, i. 315 
properties, i. 311 
compounds, i. 316 
preparation, i. 316 
tests, i. 317 

occurronr;e, i. 318 ; in the blood, i. 318 ; 
in the chyle, i. 320 

physiological and pathological relations* 
influencing its amount in thcJ)lood, i. 
310 • 

its origin, i. 322 
uses, i. 323 

influr^ncc on the plasticity of exuda- 
tions, i. 323, ii. 40, 284 • ^ 

diflerent characters in transudations, 
ii. 417 • 

of the blood, a transition-stage from albu- 
men to chondrin, iS^c., i. 361, ii. 284, 
339 

its absence in the blood of the hepatic and 
Hplonic veins, i. 319 \ 
its varying amount in the blood in difler- 
ent diseases, i. 612 
its riioditir.iiiion in scurvy, i. 636 
Fibrin, v('getal.tle, i. 354 
Fibrin-pepiotie, i. 451 
Fibrin-protein, i. 316 
Fibrinous exudations, ii. 280 
flakes ill file blood, i. 575 
transudations, ii. 40 
Fibro- earl i Inge, ii. 201, 207 
Fibroin, i. 3<i4 

Fishes, respiration of, ii. 464 * 

P'lesh, composition of, li. 245 
Flesh, juice of, ii. 245 
Fluids of ihe^gg, ii. 73 

fhc yolk of the hen’s egg, ii. 74 
its morphological constituents, ii. 71 
chemical constituents, ii. 76 
vilellin, ii. 76 
casein, ii. 76 
albumen, ii. 77 
olein and margarin, ii. 77 
cholesterin, ii. 77 
lecithin, ii. 78 
cerebrin, ii. 78 
mineral substances, ii. 79 
the white of hens’ eggs, ii. 79 
its chemical constituents, ii. 80 
mode of analysis of the white, ii. 81 
the mode of analysis of the yolk, ii. 82 
Fluoride of calcium, i. 383 
in fossil bones, ii. 198 
Food ol plants, ii. 315 


Food, its influence on the respiration, ii. 4.50 
conditions rendering it insuflicient for the 
wants of the organism, ii. 506. 
and the biliary secretion, the mutual 
connection between their amounts, i. 
472 

its nature influences the biliary secretion, 
i. 472 

Formic acid, i. 55 

in the juice of the spleen, in leucromic 
blood, and in the sweat, i. 62, ii. 105 
its occurrence in the urine after the ad- 
ministration of nmygdalin, ii. 132 
Fossil hones, i. 383, ii. 187, 197 
Free acid and alkali in the animal juices, the 
importance of the inequality in their disiri- 
huiion, ii. 349 

Frogs, muscular juice of, i. 153; urine of, ii. 168 

Galactoscope, the, ii. 67 
Gall-bladder, intermittent emptying of the 
I. 473 

Gall-stones, i. 468 ^ 

(b’ises in the blood, i. 570-623 
in the intestine, i. .571, 521 
transudations, ii. 55 
llu’ij; exhalation fr(>m the skin, ii. lOk 
of various kinds, respiration of, ii. 440 
interchange of. See interchange ofgascs. 
Gastric juice, i, 438 

its properties, i. 438 
mode of obtuinirg, i. 438 
its reaction, i. J56 ^ 

chemical consult nents, i. 440, 457 
the free acid 'in, i. 92, i. 411 
its nmounl^of free hydrochloric acid, i. 
441 

artiflRiai, i. 443 
pepsin of, i. 444 

abnormal constituents of, i. 447 
the daily quantity of, i. 448, ii. 520 
its physiological function, i. 449 
amount of chlorides, i. 442 
ferment, i. 443 

uninfluenced by the nature of the food, i. 

443 ^ 

its action suspended by bile, i. 4.54 
power of dissolvi.'ig albuminous sub- 
stances, i. 455 

its insufficiency to dissolve all the albu- 
minates necessary for proper nutrition, 
ir4.55 

the observations of Gruenewnidi and 
Schroeder in the case of CaiUarine 
Kutt, i. 456 

the sarcina in the apparently healthy se- 
cretion, i. 456 ^ 

Gelatin, animal, i. 357 
its uses, i. 361 

difl'ering both from chondrin and glutin, 
i. 364 ^ . 

of Wharton, ii. 73, note ; 92 
jlauco-mehuuc acid, i. 540 
:4lob%Iip, i. :f27 

jllucose. See Sugar, Grape, i. 249 
Gluten, i. 353# 

^lutin, k 357 

its occurrendfe in leucaemic blood, i. 361, 
636 • 

its absence in the embryo of the chick, i. 
361 



540 


INDEX. 


Glycerine, i. 215 
Giycero-phosphoric acid, i. 216 
Glycero-sulphuric acid, i. 216 
Glycine, i. 139 

a constituent ol'hippuric acid, i. 175 
Glycocholic acid. i. 201 
Giycocoll, i. 139 

Goll, on the mechanism of the urinary secre- 
tion. ii. 157 
Granular cells, ii. 86 
Grape-sugar. See Sugar, Grape, i, 249 
Growth, in relation to the metamorphosis of 
matter, ii. 513 

Grunek, on the amount of sulphuric acid in 
the urine, ii. 113 
Guanic acid, i. ICO 
Guanine, i, 159; ii. 169 
Guano, ii. 169 

Gum, on the digestibility of, ii. 386 

doubtful use of potiones gummosa;, ii. 368 

IliEMATic acid, i. 406 

Hannatin, i. 267 

iiannaioglobulin, i.\'>74 

riiernatoidin, i. 270-279 • 

Hair, the ii. 219 

its histological and micro-chemical rela- 
‘ lions, ii. 219 
chemical composition, ii. 221 
Haloid bases and salts, i. 211 
IIassall’s corpuscles, ii. 86 
Haversian canals, ii. 183 * 

Heoar on the amount ofLhlorine in the urine, 
ii. 112 • f 

Hibernation, its ellbct on^^hc respiration, ii. 

456 ^ 

Hippuric acid, i, 173 
Hircic acid, i. 74 
Histo-chcmistry, ii. 174 

sketch of its history, ii. 175 
micro-chemical reactions, ii. 177 
the fluids permeating the tissues, ii. 182 
mode of treating the chemical relations of 
the anitnal (dementary tissues, ii. 182 
Hist ogcrie tic substances, i. 286 
floof. See Horny tissue, ii. 214 
Hon. See Horny tissue, ii. 214. 

Horny tissue, ii. 214 

its histological and micro- chemical rela- 
tions, ii. 216 

chemical composition, ii. 218 
three chemically different substi-nces in 
every horny tissue, ii. 218 
Horses, urine of, ii. 166 
Hydrochloric acid in the animai body, i. 386 
Hydrocyanic acid, its absence in the animal 
body, i. 405 

Hydrofluoric acid in tiie animal body, i. 386 
llydrosulphocyanic acid« i. 405 
Hydrotic acid, ii. 10.5 
Hydrurilic acid, i. 187 
Hyocholib acid, i. 205 

Hypertrophy in connection with nutrition, h. 
513 

Hypcruric acid, i. 160 * 

Hypoxanthine, i. 158 

its occurrence in the blood, i. 159, 636 
Hyraccum, ii. 96, 168 , • 

phenylic acid in castoreum and hyracoum, 
ii. 

Icterus, blood in, i. 282, 625 ; sweat in, ii. 


101; transudations in, ii. 50; urine in, i. 
281, ii. 121, 140 

Inanition, its influence on the respiration, ii. 
447 

its effect upon the blood, ii. 496 
metamorphosis of the tissue during, ii. 
508 

loss of weight of the individual organs 
during, ii. 50^ 512 *' 

its effects upon the urkie, ii. 512 
Indigo, the reducing action of the animal or- 
ganism on it, ii. 358 
Inflammatory globules, ii. 86 
Infusoria in the excrements, i. 539 

in urine, ii. 110,121; in milk, ii. 58 
Inosic acid, i. 200 
Inosite, ii. 241 ; i. 264 
Inosterin, i. 248 

Insects, blood of, i. 628 ; excrements of, ii. 

169 ; respiration of, ii. 462 
Intercellular fluid of the blood, i. 545 
Interchange of gases in the lungs, ii. 428, 
432, 476 

in the muscles, ii. 248 
in the parenchyma of the organs, ii. 476 
Intermediate metamorphosis of matter, ii, 488 
Intostiifal concretions, i. 539« 
content^ i. 513 
gases, i. 521 

Intestinal juice, i, 508, 511 , 

mode of obtaining it, i. 509 
it8.properties, i. 511 
its chemical charactef, i. 511 
its quantity in 24 hours, i. 512 
its influence in digestion, i. 510, 512 
Intestinal respiration of fishes, ii. 464 
Inuliii, on the digestion of, ii. 389 
Iron, in the anin^l body, i. 397 

Kakooyl, oxide of, i. 58 
Keratin, ii. 214 

KidneJ^s, on the fat in the, i. 223 
Kulijkek^s fundamental lamellae, ii. 185 ; 

insterstitial lamellae, ii. 185 
Kyesiein, ii. 136 

La'.’tamidk, i. 88 

Laetcals, absorption by the, ii. 408 
Lactic acid, i. 86 

its properties and chemical relations, i. 86 
composflion, i. 86 
4 jirobuble rational formula, i. 89 
combinations, i. 86 

products of its metamorphe^is, i. 88; lac- 
tide, i. 88; lactone, i, 88; lactumide, i. 
88 

its^ preparation, i. 89 
tests, i. 89, 90 

occurrence, i. 92 ; in the allantoic fluid, 
i. 98 ; in the bile, i. 99 ; in the blood, 

i. 96, 636 ; in the bones in osteoma- 
lacia, i. 100, ii. 196; in the brain, ii. 
269 ; in the chyle, i. 96, ii. 21 ; in 
exudations, i. 98; in the gastric 
juice, i. 92, 94, 441 ; in the intes- 
tine (large), i. 95. ii, 396 ; in the in- 
line (small), i. 95, 513, ii. 393 ; in 
the lymph, i. 96 ; in the milk, i. 98, 

ii. 62; in the muscular juice, i. 98, 
ii. 221, 245; in the saliva, i. 94, i. 
425 ; in the splenic juice, ii. 98 ; 
in the sweat, i, 99, ii. 105 ; in transu- 
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dations, ii. 51 ; in the urine, i. 98, 
99 

Lactic acid, its uses, i. 102 
Lactide, i. 88 
Lactone, i. 88 

Lead in the animal body, i. 402 
Lecithin, ii. 78 
Legumin, i. 35^ 

Lehmann’s experiments •n the influence of 
diet on the urine,* ii. 163 
Leucaemia, blood in, i^iiGll, 636 
Leucic acid, i. 135, 136 
Leucine, i. 135 

Zollikofer's mode of preparing, ii. 213 
its formation from chondrin, i. 362 
Lcuconitric acid, i. 136 
Leucoturic acid, i. 187 

Liebig’s method of determining the urea in 
urine, ii. 154 
Lienine, i. 159 
Lipoids, i. 244 
Lipyl, oxide of, i. 214 
Liquor sanguinis, i. 545 
Litliolellic acid, i. 112. 

Liver, composiiion of healthy, i. 224 

tJie seal of the formation of blood-otlls, i. 

• 498 4 

the seat of tlio formation of sugar, i. 258 
Ludwig on the mechanism of the urinary se- 
cretion, ii. 

Lymph, ii. 31 

its properties, ii. 31 
mode of ol>tainiiig it, ii. 31 
its chemical constituents, ii. 32 
compared with blood-serum, ii. 33 
its daily quantity, ii. 34 
origin, ii. 34 

Lymph-corpuscics, i. 544 

Magnesia, carbonate of, i. 400 
phosphate of, i. 381 
phosphate of ammonia and, i. 382 
its occurrence in tlic excrements, i. 534 ; 
in intestinal concretions, i. 539 ; in 
urinary .sedinienis, ii. 121, 

Magnus, his investigations on the gases in 
the blood, i. 570 

M anganese in the animal body, i. 40L 
urgaramide, i, 105 * 

Margarate of oxide of lipyl, i. 220 
Marguric acid, i. 104 
Margariij,i. 220 

Maumene’s test for sugar, i. 254 
M(Jconium, i. 532 
Melaniline, i. 124 
Melanin, i. 275 
Meroxidic substances, i. 370 
Mesoxalic acid, i. 187 
Mel ace tone, i. 61 
Metacetonic acid, i. 60 
in the sweat, i. 62 
Metalbumen, i. 300 

Metamorphosis, progressive and regressive,!. 
37, 323 

Metamorphosis of matter, ii. 333 

comparison between this process in plants 
and animals, ii. 334 

importance of the albuminous substances 
and their derivatives, ii. 337 ; of the 
lats, ii. 340 ; of the carbo-hydrates, ii. 
344 ; of the normal distribution of tree 

• 


acid and alkrdi in the fluids, ii. 349 ; of 
the phosphates, ii. 350; of the alka- 
linity of the blood, ii. 353-362 ; of the 
alkalies on the process of oxidation, ii. 
354 ; of the chloride of sodium, ii. 362 
Metaphysiology, i. 33 
Methodological introduction, i. 17 
Milk, ii. 56 

its properties, ii. 56 
mode of procuring, ii. 57 
its niorphological constituents, ii. 57 ; 
milk-ilobulcs, ii. 57 ; colostrum-cor- 
puscle, ii. 58 ; granular cells, ii. 58 
chemical constituents, ii. 58; casein and 
milk-sugar, ii. 59; butter or fat of milk, 
ii. 59 ; quantity of fat in difl'eront kinds 
of milk, ii. 59; influence of food on the 
fat, ii. 61 ; salts of the milk, ii. 61 
preponderance of compounds of potash 
and pho.«»phoric acid, ii. 62 
its occasional acid rt?nction, ii. 62 
abnormal constituents^ ii. 63 
colostrum, ii. 63 
milk of various animals, ii. 64 
inllucnco of Ibod on ilie composition of 
the milk generally, ii. 65 • 

changes in the milk during the period of 
lactation, ii. 65 

at difl'erent periods of the year, ii. 59 
methods of analyzing the milk, ii. 66 
adulteration of cc^vs'rnilk, modes of de- 
tecting, ii. 67 • 

quantity of milk lecreted by women, ii. 
67 

by cows, ii. 60 
origin of milk, ii. 68 

consid^cd*a8 the normal type of food, ii. 
489 

Milk-globules, ii. 57 
Milk-sugar, i. 262 

its occurrence in the blood of milch cows, 
i. 264 

Milt.on’s test for the protein-compounds, i. 
291 

Mineral constituents of the animal body^i. 

368 ; of pUints, ii. 323 
Molecular forces, ii. 303 
Molecular motions in the animal organism, ii. 
332 

Mucin, i. 355 ; ii, 87 
Mucus, ii.^4 

its morphological conslitnenls, ii, 85 
chemical constituents, ii. 87 
elemental analysis, ii. 88 
method of analyzing, ii. 90 
its origin, ii. 91 
uses, ii. 93 

Mucus-corpuscles in miftus, ii, 85 ; in saliva, 
i. 415; in urine, ii. 108 
Mulberry calculus, its composiiion, i. ^ 
Mulder’s iheorjPof the protein-compounds, 
i. 292 

Murexar^i. 190« 

Murexide,f. 189 

Muscle-fibrin. S%d Syntonin, i. 320, ii. 226. 
236 , 

Muscle-sugar. Sec friosite, i. 264, ii. 241 
Muscular fibres, smooth. See Coniractilc 
fibre -cells, ii. 222 

Muscular fibres, transversely striped, ii. 230 
their histological relations, ii. 230 



542 


INDEX. 


Muscular fibres, their micro-chemical reac- 
tions, ii. 233 

the substance of the fibrils (syntonin) ii. 
239 

the substance of the nuclei, ii. 239 
the sarcolemma, ii. 239 
the muscular juice, ii. 240 
the pigment of the muscles, ii. 241 
the quantity of water in the muscles, ii. 
243 

the chemical constituents of muscles, ii. 
243 

their amount of nitrogen nearly the same 
throughout the animal kingdom, ii. 486 
composition of ox flesh, ii. 245 # 

method of analyzing muscles, ii. 245 
their function, ii. 247 » 

Muscular juice, ii. 240 

its acidity varies with the activity of the 
muscles, ii. 349 

Mycoderma aceti, how developed, i. 323 
Mykornelinic acid^, i. 187 

Natt.s. See Horny tissue, ii. 214 
Necrosis, ii. 197 

Nerves and brain, ii. 248, 267 , 

their histological relations, ii.f248 
nerve- fibres, ii. 248 
neurolemma, ii. 2.50 
ncrve-c(ills, ii. 250 • 

micro-chemical relations of nervous tis- 
su|;, ii. 251 . 

the chemical constuution of the indivi- 
dual constituents of nervous tissue, ii. 
259 ^ 

the sheath of the nerve-fibres, ii. 259 
the axis-cylinder, ii. 2.59 * i 
the medulla or nerve-pulp, ii. 260 
llie nervc-cells, ii. 263 
the fats of the l>rain, ii. 261, 268 
cerebric acid, ii. 262 
olcopliosphoric acid, ii. 262 
cholesterin, ii. 263 

composition of bruin and nervous masses 
generally, ii. 264, 267 
amount of water and of flit in various 
parts of the brain, ii. 264 
physiological conclusions, ii. 265 
method of analysis, ii. 266 
Nervous system, its influence on digc.siion 
and the; digestive fluids, ii. 412-^14 
Neutral bodies, non-nifrogenous, i. 249-267 
Nitric aejd in the urine, ii. 142 ; after the ad- 
ministration of the salts or ammonia, ii, 127 
Nitriles, i. 45 
Niirocaprylonic ajid, i. 72 
Nitrocholic acid, i. 117 
Nitrogen in expired 4ir, ii. 433 

as a measure of the nutritive value of 
«food, ii. 485 

Nitrogenous acids, i. 16D-lfll 
Nitrogenous basic bodies, i. 121 
Non-nitrogenous acids, i. 41 
Nucleine, I. 566 
Nutrition, ii. 482 i 

nutrient value of food, ii. 48^ 
amount of nitrogerl*in the food, ii. 486 
nwlk the normal type of food, ii. 489 
the normal quantity of food, ii. 490 
methods of determining it, ii. 491 
tlie f|uaniitic8 of difl’erent kinds of food 


that can be absorbed from the intestine, 
ii. 495 

influence of food upon the blood, ii. 49.5 
ingesta and egesta of the animal organ- 
ism, ii. 497 

the necessary quantity of food, ii. 499, .504 
balance between the ingesta and final 
products, ii. 499 » 

final products, *^ii. 498r508 
conditions rendering the food insufficient 
for the wcll-befiig of the organism, ii. 
507 

the final products during inanition, ii. .509 
metamorphosis of tissue during growth, 
ii. 513 

chemical changes which the egg under- 
goes during incubation, ii. 515 

(Ekantiial, i. 71 
(Knanthylic acid, i. 70 
CEmintliylous acid, i. 71 
Oil of bitter almonds, i. 82 
Oily fatty acids, i. 108 
Oleate of oxide of lipyl, i. 220 
Oleic acid, i. l09 ; a possible source of error 
in Applying Pettenkofer’s test, i. 118 ^ 

Olein, 1.220 ' 

Oleophosfihoric acid, ii. 262 
Omichmyle, oxide of, ii. Ill 
Organic acids formed from thrfearbohydrates; 
th 4 ‘ir use in the metamorphosis of matter, 
ii. 345 m 

Organic matter, its origin in the vegetable 
kingdom, ii. 315 
origin of the carbon, ii. 316 
hydrogen, ii. 320 
nitrogen,^. 320 
sulphur, n. 322 

OrgauK- substrata of the animal organism, 
i^35 

Osseous tissue, ii. 183 

its histological relations, ii. 183-186 
chemical constituents, ii. 186 
qualitative composition, ii. 186 
cartilage, ii. 187 
quantitative constitution, ii. 188 
differences in the bones of the same in- 
dividual, ii. 188 
of the l*vvo sexes, ii. 188 
, at various ages, ii. 189 
bones of mammals, ii. 189 
of birds, ii. 189 
of amphibians, ii. 190 ^ 
of fishes, ii. 190 
morbid bones, ii. 190 
primary schlerosis, ii. 193 
osteophyte, ii. 193 
exostoses, ii. 193 
osteoporosis, ii. 193 
osteomalacia, ii. 194, 195 
rachitis, ii. 194 
craniotabes, ii. 195 
carious bones, ii. 196 
necrosed bones, ii. 197 
fossil bones, ii. 197 
analysis of bones, ii. 198 
relative weight of the skeleton, ii. 200 
development of the bones, ii. 200, 514 
Ostecimalacia, ii. 194-196 
Osteophytes, ii. 193 
^Osteoporosis, ii. 193 
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Oxalate of ammonia, i. 19 
Oxalate of lime, i. 49 

its possible formation within the system 
from uric acid, i. 51 

its occurrence in expectorated matter, i. 
54 ; in mucous membrane of uterus, i. 
54 ; in mucus of gull -bladder, i. 54 ; in 
urine, i. 5^ 55 

Oxalate of urea in the urtiscular juice, the 
views of MolcschcJlt and Grohe regarding, 
i. 153 

Oxalic acid, i. 48 
in blood, i. 54 

Oxalurate of lime in urine, i. 50 
Oxaluric acid, i. 188 
Oxamic acid, i. 49 
Oxarnidc, i. 49 

Oxidation, the main principle of the metamor- 
phosis of matter, ii. 354 
of the orgatiic acids, ii. 355 
of the carbohydrates, ii. 355 
of the fats and fatty acids, ii. 355 
of hajniatin, ii. 355 
of tlu; ulbuininous substances, ii. 3.50 
Oxidation and deoxidation in plants, ii. 317 
Oxidizing capacity of tlic animal organism, 
experiments to dcftennine it, ii. 361 
(4xyg(Mi, its chemical absorption by t4ie blood, 
i. 571 

and carbon* acid, their chemical action 
on the bIood-corpiiscI<'s, i. 57‘.Z 
Ozonized (jxygeii, ity^l’obable existence in 
the blood, ii. 360 

rANcuEATic juice, i. 502 
its properties, i. 502 
constituents, i. 503 
quantity, i. 504 

importance in relation to digc^ion. i. 
505 

elli.'ct on the contents of the thora?ic 
duct, ii. ‘110 

sugar- forming power, i. 505 
Panttm’s observations on the albuminous 
bodies, i. 295 
Parabanic acid, i. 187 
Puracholic acid, i. 202 
P^ralbuinen, i. 300 
Parainylon, 265 

Pathological chemistry, its relation to physio- 
logical chemistry, i. 31 * 

PathoIogi(!al processes, ii. 523 
Pelargonic acid, i.*f2 
Pemphigus, fluid of, ii. 52 
Pepsin, i, 444 

Pepsin-hydrochloric acid, i. 446 
Pepiom^s, i. 450, 451 
Pet ini ne, i. 125 

Pettenkofer’s bile-test, i. 117 ; a possible 
fallacy in it, i. 118 
test for sulphocyanogen, i. 406 
Phenyl, oxide of, in castoreum, ii. 96 
Phosphate of lime in the animal body, uses 
of, i. 373 

in bone earth, its chemical composition, 
i. 374 

its occurrence in hones, i, 374 ; in mus- 
cular fibre, i. 375 ; in all the animal 
fluids, i. 375 ; in the urine, ii. 161 ; in 
The ash of the protein-compounds, i. 

376 


Phosphate of lime, its origin, i. 377 

how affected in osteomalacia, ii. 196 
Phosphate of magnesia in the animal body, 

i. 38] 

its occurrence, i. 381 
origin, i. 381 

Phosphates and potash salts, their preponder- 
ance in muscular juice, ii. 241 
Phosphates in the ash of pus, ii. 294 
Phitsphates, their importance in the metamor- 
phosis of matter, ii. 3.50 
Phosphates, acid. Sec Acid Phosphates. 
Phosphoric acid and chlorine, their relations 
in the blood-cells and the intercellular fluid, 
,i. 569 

Phosphoric acid in the urine, its amount, ii. 

. . 

Pho.sphorus, its presence in the brain-fats, ii. 
270 

Physiological importance of a body dependent 
on its clieniical eumposiiion, i. 3(> 
Pliysi(>logico-e.\|)<'rimentaI jnethod, its im- 
jjortance in zno-chemistry, i. 29 
PXytocolln, i. 353 
Picolin<‘, i. 124 
Picric acid, i. 172 
Pigments of the bile, i# 277, 461 
the Idond, i. 267 
the urine, i. 283, ii. 139 
Playis, Ibod of, ii, 315 
• respiration oi, ii. 31^ 

origin of their carbnn, ii. 316 
hydrogen, ii. 320 • 
nitrogen, ii. 320 
sulphur, ii. 322» 
mineral constituents, ii. 323 
format ic^ oPnon-nitrogenous substances 
((‘arbo-liydrates) in plants, ii. 327 
ofnitrogeiioussubstances(protein“bodies), 

ii. 368 

Pbi.snin of the blood, i. 545 
Pneiimic acid, i. 21 1 

PnetJiiiogastric nt rves, their influence on tlie 
secretion of fht^ gasi ric juice, ii. 412 
Potassium and sodium, tb(ur rcjlations in tlic 
V)h)od-ceIl% and the intercellular fluid, T. 
569 

Propionic at'id, i. 60 
Protein, i. 2H9 

biiioxide of, i. 316 
t(!roxid^of, i. 355 

Protein- bodies, probable constitution of the, 
i. 293 

derivatives oei:3.'-,7 

tlieir (ormation in plants, ii. 330 

importance in the metamorphosis of 
matter, ii. 337 * 
conversion intoftit, ii. 342 
the action of the intestinal juice on the, i. 
512 

Ptyalin, j. 417, 42P 

'ulinonic acid. See Pncumic Acid, i. 211 
Purpurat%of amn^)fiin, i. 189 
Purpuric aeft, i. 190 
Pus, ii. 291 - 

Pus-corpusclc8. ^e Cytoid Corpuecles, ii. 

291 • ^ 

Pyin identical with teroxide of protein,^ 356, 
ii. 89, 91, 298 
Fyroleic acid, i. 78 
Pyrotariaric acid, i. 78 
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Fyrrhol, i. 124 

Quantities in which the animal fluids are 
formed, the importance of determining, i. 
411 


Rachitic bones, analysis of, ii. 194 
Reduction, processes of, in animals, ii. 336 
Resino-bezoardic acid, i. .MO 
Resorption. See Absorption, ii. 370-^84 
Resjiiraiion, ii. 426 

the mechanical conditions influencing it, 
ii. 427 

methods of investigation, ii. 430 # 

the interchange of gases in the lungs, ii. 

432 ( 

the expired air, ii. 433 
its voiuiiKi, ii. 433 
temperature, ii. 433 
amount of aqueous vapor, ii. 433 
amount nitrogen, ii. 433 ; ol ammo- 
nia, ii. 434 , t 

the amount of carbonic acid exhaled and 
oxygen absorbed in 24 hours, ii. 43.5 
*• influence of the frequency o^ the respira- 
tions on the am(Aunt4)f exhaled carbonic 
acid, ii. 435 

of the dtJpih of the respirations on the 
amount of exhaled carbonic acid» ii. 
439 li 

rcsiiiration of aniflcial atmospheres, ii, 
410 ' 

influence of temperature on the, ii. 442 
of moisture, ii. 444^ 

the pressure of the air, ii. 44.5 
difl’ereut periods of'^ho#'lay, ii. 446 
inanition, ii. 447 
digestion, ii. 449 

the chemical nature of the food, ii. 

4.50 

the quantity of the food, ii. 454 
sleep and hibernation, ii. 456 
age and sex, ii. 458 

Respiration in diflerent classes of animals, ii. 
' 4.59 

in mammals, ii. 459 
birds, ii. 460 
the eggs of birds, ii. 461 
amphibians, ii. 4(il 
insects, ii. 462 
fishes, ii. 463 

intestinal, of certain fishes, ii. 464 
worms, ii. 465 * 

Respiration in diseases, ii. 466 
in iiillammayon, ii. 467 
chlorosis, ii. 469 
pulmonary Aiherculosis, ii. 470 
cholera, ii. 470 
, typhus, ii. 470 

Respiration, importance of a knowledge of the 
chemistry of, in relation to medical 
treatment, ii. 471 ' / 

theory of, ii. 472 

source of the carborve acid in the blood, 
IK 472 

interchange of gaftis in the parenchyma 
« of the organs, ii. 474 
the oxygen in the arterial blood is for the 
most part chemically combined, ii. 475 
the law.s controlling the interchange of the 
gases in the lungs, ii. 477 


Respiration, application of Graham’s law of the 
diffusion of gases, ii. 477 
application of the laws of Henry and Dal- 
ton, regarding the absorption of gases, 
ii. 478 

Respiration of plants, ii. 315 
Respiratory equivalents, ii. 453 
Rose on the ashes of organic substances,' i. 
369 ^ 

Salicin, its decom^sition in the body, ii. 

132, ii. 361 
Saliva, i. 414 

hiixed, i. 414, 420, 429 
parotid, i. 416 

powerless on the metamorphosis of starch, 
i. 434 

subrnaxillary, i.419 

Saliva, mixed or ordinary, analysis of, i. 422 
its abnormal constituents, i. 423 
acid, i. 426 
quantity, i. 427 
chemical fund ions, i. 430 
action on starch suspended in the sto- 
mach, i. 435 
principal use, i. 435 
dynamical functio^n, i. 437 
nffjchanical function of, i. 430 
passive functions, i. 437 
pf enraged or mad nnimlils, its physiolo- 
^ gical action, i. 437 
Salivary calculi, i. 4\^ 

Salivary diastase, i. 430 

Salts, inorganic, their importance in the ani- 
mal body, ii. 348 

their distribution in the metamorphosis of 
matter^ ii. 499 
Sarcina vcntviculi, i. 526 
it^-form, i. 527 
^ devciopnuuit, i. 527 

chemical consliiution, i. 527 
Sarcolemnia of muscle, ii. 239 
Sarcosinc, i. 137 

Saturating capacity, its importance, i. 40 
SciiEKEK, on the quantitative relations of the 
urine and its constituents, ii. Ill, 159-161, 
512 

Schlerosis, primary, analysis of, ii. 193 
Scumiut’s* method of checking analyses, i. 
409 

table of the diameters of the blood-cor- 
puscles in diflerent mammals, i. 544 
tabular view of the •’relations between 
potassium and sodium, and between 
phosphoric acid and chlorine in the 
blood-cells and in the intercellular fluid 
in several of the mammals, i. 569 
method of detecting seminal spots, ii. 72 
Sciionhein’s observations on the state of the 
oxygen in the blood, ii. 359 
8chottin on the sweat, ii. 105 
Sebaceous matter, ii. 93 

the glands by w'hich it is secreted, ii. 93 
its morphological elements, ii. 94 
chemical constituents, ii. 94 
origin, ii. 98 
Sebacic acid, i. 78 

Seminal animalcules. See spermatozoa, ii. 
70 

Seminal fluid, ii. 69 
properties, ii. 69 
morphological elements, ii. 70 
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Seminal fluid, spermatozoa, ii. 70 
seminal granules, ii. 70 
chemical constituents, ii. 71 
mode of analysis, ii. 71 
detection of semen in animal fluids, ii. 
71 

medico-legal detection of seminal spots, 
^ ii. 72 

Serolin, i. 248 • ^ 

in transudafions. ii. 49 
Serpents, urine of, ii. w 
Serum-casein, i. 342 

Sex, its influence on the respiration, ii. 458 
Silica in the animal body, i. 384 
ocmirrence, i. 384 
oi^j^i, i. 385 

Skeleton, its relative weight, ii. 200 
Sleep, its t^flbet on the respiration, ii. 450 
Smegma pra3putii, ii. 94-97 
Smooth muscle. See Contractile hbre-cells, 
ii. 22-2 

Solid fatty acids, i. 103 

Specific gravities as a check on analyses, i. 
410 

Spermaceti, i. 243 
Spermatin, ii. 70 
SpA-matozoa, ii. 7(1 
in urine, ii. 109 

Splenic juice, Scherer on the, i. 57,^47 
Sjiongc, clieniical constitution of, i. 3(i5 
Starch, on the digestion of, ii. 388 • 

the action of ilie intestinal juice on, *. 512 
the changes whiclPstareh undergoes with- 
in the organism, ii. 388 
its lVe<|uent passage unchanged through 
the intestinal canal, i. 505 
Statistical method, its importance in zoo- 
chemistry, i. 27 

Stearate of oxide of lipyl, i. 219* 

Stcarcrin, ii. 95 
Stearic acid, i. 106 
Stearin, i. 219 
Succinamidc, i. 77 
Succinic acid, i. 77 

ill fluid of cysts, ii. 52 
Succinic-acid group, i, 76-79 
Succinimide, i’ 77 
Sudoric acid, ii. 105 
sugar, grape, i, 249 

its occurrence in the amniotfc and allan- 
toic fluids, i. 257 
in the blood, i. 256, 623 
chyle, 2.'i6, ii. 21 
egg- fluids, i. 258, ii. 81 
liver, i. 258; probably formed in 
the liver from the decomposition 
of fibrin, ii. 344 
the saliva, i. 257 
the urine, i. 257, ii. 138 
its origin, i. 258 

formation in the intestine, i. 514 
tests, i. 251 

uses in the organism generally, i. 260 
presence essential to the formation of 
bile, i. 483 

importance in relation to the meta- 
morphosis of matter, ii. 344 
use in the blood as a solvent for carbo- 
nate and phosphate of lime, ii. 347 
probable uses in the fcetal blood, ii. 347 


Sugar, its application to the formation of fat, 
ii. 347 

on the digestion of, ii. 389 
its metamorphoses, ii. 390 
the quantity that passes in a definite lime 
into the blood, ii. 390 
the influence of food on its amount in the 
blood and urine, i. 623, ii. 138 
the conditions under which it passes into 
the urine, i. 623 

the greatest quantity that can exist in the 
blood without passing into the urine, 

i. 624, ii. 68 

reasons why it cannot be delected in 
portal blood, ii. 392 

• its gradual disappearance from the intes- 
^ tine, ii. 393 

pits conversion info lactic acid in the intes- 
tine, ii. 394-397 

the quantity that can he absorbed from 
the intestine in a given time, ii. 398 
V. Decker’s laws regarding its absorp- 
tion, ii. 397 

tiiigai^of gelatin, i. 139 
Sugar of milk, i. 262 

on the digestion of, ii. 401 
Sugars, tlic^aiiimal, i. 249 
Sulphocyaiiidcs iivihessaliva, i. 418, 421, 427 
Sulpliur, Dana’s test for, i. 2‘.)3 
Sulphuretted hydrogen in th(^ urine, ii. 140 
Sulphuric acid in the urine, its amount, ii. 113 
^weai, ii. 98 g 

sudoriiiarons glaiips, ii. 98 ^ 

mode of collecting sweat, ii. 99 
its chemical constituents, ii. 99, 105 
its quantity, 101 
its uses, ii. 108 

the parage of various matters into it, ii. 
106 

Synaplase, i. 355 
Syntoniri, i. 320, ii. 226, 227 

Taurine,!. 166 

on the artificial formation of, i. 167 
Tnurocholic acid, i. 208 

’J’ceili, the, ii. 201 ^ 

their histological relations, ii. 201 ^ 

the chemical composition of the dentine, 

ii. 203; the enamel, ii. 203; and the 
cement, ii. 203 

carioug, ii. 203 

the analysis of the, ii. 204 ^ 

of different animals, ii. 203 
Teleoxidic 8ubs^^ncc8, i. 370 
’I’hionuric acid,i. 188 
Tisxu cellulaire artijiciel of Melsons, i. 298 
’rortoiacs, urine of, ii. 168^ 

Tortoiseshell. See Hoj^ny tissue, ii. 217 
Transudations, ii. 38 

their properties, ii. 39 

morphcjbjgical elements, ii. Sj) 
chemical constituents, ii. 39 
conditions influencing the transudation of 
alP^men Through the w'alls of the ca- 
pillaries, ii. 44 
acid, ii. 52 # 

solubl^mineral salts in, ii. 52 
cases in, ii. 55 • 

how distinguished from exudation#, ii. 38, 
274 
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Triple phosphate, how to distinguish it from 
oxalate of lime, ii. 142 
Trommer^s test for sugar, i. 252, 255 
Tubercles, xantho-cystine in, i. 158 
Turbidity of the scrum of the blood in certain 
cases, i. 583 
Tyrosine, i. 133 

Hinterberger’s analysis of, i. 133 
products of its decomposition, i. 133 ^ 

sources of, i. 134 
methods of obtaining, i. 134 
Piria’s test for, i. 135 

Unstriped muscle. See Contractile fibre- 
cells, ii. 222 

Uramile, i. 188 i 

Uramilic acid, i. 188 ^ 

Urate of soda in a sedimcnl, to distinguiF* . it 
from uric acid or urate of ammonia, i. 11)4 ; 
ii. 143 

Urea, its properties and chemical relations, i. 
143 

its composition, i. 144 
its combinations, i. 145 
hydroclilorate of urea, i. 145 
nitrate of urea, i. 145 
oxalate of urea, i. 145 , 

urea and nitrate of^silver, i. l-f^G 
urea and oxide of mercury, ii. 15^1 
products of its metamorphosis, i. 14G 
its preparation, i. 147 » 

from urine, i. 147 . 
artificially, i. 147 
its tests, i. 148 

its quantitative determination by Mits- 
cherlich’s method (a^a nitrate), i. 149 ; 
the methods of Ueintz and Ragsky, i. 
149 ; Millon’s method, f 15C; Bunsen’s 
method, i. 150; Liebig’s method, ii. 
154 

its occurrence, i. 150; in the hile, i. 154 ; 
in normal blood, i. 152 ; in the blood in 
Bright’s disease, i. 153 ; in exudations, 
i. 154; in the humors of the eye, i. 154; 
in the liquor amnii, i. 154 ; in the milk, 

^ i. 154; in the saliva, i. 154; in the 
sweat, ii. 101, 105 ; in transudations, ii. 
50; in the urine, i. 150; in vomited 
matters, i. 154 

the daily amount excreted, i. 150 ; influ- 
ence of the nature of the food on the 
amount, i. 150; ii. 1G2, influence ot 
exercise, i. 151 ; influence of age, i. 
152 ; influence of sex, h 152 
its origin and seat of formation, i. 154 
Uric acid, i. 182 

its occurrence in the spleen, i. 198 
its decomposition in the animal body into 
urea and oxalic’ acid, i. 55, ii. 129 
Uric oxide, i. 15G 
Urilic ecid, i. 184 
Urine, ii. 106 

its general properties, ii. 107 

morphological constituents, vi. 108 
chemical constituents, ii. 110 
the amount of its chlorrie, ii. 112 
of its sulphuric acid, ii. 113 
of its phosphoric acid", ii, 114 
caiijse of its acid reaction, ii. 116 
fluctuations occurring in its froo acid, ii. 
118 


Urine, formation of sediments, ii. 118 
its acid fermentation, ii. 120 
alkaline fermentation, ii. 122 
formation of calculi induced by the fer- 
mentative process, ii. 123 
its incidental constituents, ii. 125*132, 
127 (especially in reference to the ques- 
tion, whether nitric acid is found in 
urine after^the administration of the 
salts of ammonia) 

conversion of vegetable salts of the alka- 
lies into carbonates, ii. 129 
quantity of these salts requisite to render 
f the urine alkaline, ii. 130 
rapidity with which many sr-’>s*anccs 
pass into it, ii. 132 
its abnormal constituents, ii, 134 
albumen, ii. 134 
fibrin, ii. 135 
casein, ii. I3G 
fat, ii. 13G, 137 

sugar, ii. 138 ; its occasional occurrence 
after the use of liiglily saccharine food, 
ii. 138 

abnormal pigments, viz., rosacic acid, 
uroiirythrin, purpuric acid, uroxnni^iin, 
urrhodin, uroglaucin, and cyanurin, ii. 

1 39 ^ 

biliary acids, ii. MO 
sulphuretted hydrogen, iij 140 
butyric acid, ii. 140 
cunmoniacal salts, ii. 141 
nitric acid, ii. 142 * 
methods of analyzing it, ii. 142 
microscopico-chemical investigation of 
sc'.diments, ii. M3 
its specific gravity, ii. 144 
<iuaniilaiive analysis, ii. 149 
the v{)hunetric method of analysis, ii. 153 
for<phosphoric acid, ii. 153 
• cliiorine, ii. 154, 155 
sulphuric acid, li. 154 
urea (Liebig’s method), ii. 154 
the niochanism of its secretion, ii. 15G 
quantity of the daily secretion, ii. 157 
of water, ii. 158 

solid consiiiuents, ii. 159 
of urea, i. 150, ii. 160 
uric acid, i. 192 
extractive matters, ii. Ill, 160 
^ fixed salts, ii. IGl 

phosphate of lime, ii. IGl 
influence of sex on the. urine, ii. 1G2; of 
pregnancy, ii. 1G2 ; ofdiflerent periods 
of lilc, ii. 1G2; of food, ii. 162 ; of bodily 
exercise, ii. 164; of sleep (urina sangui- 
nis), ii. 1G4; of digestion (urina chyli), 
ii. 1G5 

Urine of difl’ereni animals — 
of omnivora, ii. 165 
carnivora, ii. 165 

herbiv(»ra, ii. IGG; of horses, ii. 166; 
of cattle, ii. 1G7 ; of calves, ii. 1G7 ; al- 
lantoic fluid of fcBial calf, ii. 168 
birds, ii. 168 
serpents, ii. 1G8 
frogs, ii. 168 
tortoises, ii. 168 

insects, ii. 169 ; of butterflies, ii. 169 ; 
of caterpillars, ii. 169 
in diseases, ii. 170 
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Urine, ansBrnic, ii. 170 
febrile, ii. 170 
Urine-pigment, i. 283 
Urinary sediments, i. 194 
Uroglaucin, i. 284, ii. 139 
Urous acid, i. 156 
Uroxanthin, i. 284 
JJrrhodin, i. 284 

Uterus, constituents of the juice of a pregnant, 
ii. 228 , 

Vaccic acid, i. 74 
Valeria!, i. 68 
Valerianic acid, i. 67 
Valer^itrile, i. 68 w 

VeglpBlc and animal kingdoms, distinctions 
between, ii. 334 
Vegetable albumen, i. 354 
Vegetable librin, i.. 354 
Veriiix caseosa, ii. 96 

Vibrio cyanogens, its occurrence in blue milk, 
ii. .58 

Vierordt’s method of blood-analysis, ii. 597 
ViteHin, i. 325 

probably a mixture of albumen and casein, 
ii. 76 


I Volatile fatty acids, i. 42 
* Vomited matters, composition of, i. 525 

Welter’s bitter, i. 172 
Water in the animal organism, uses of, i. 373 
Whalebone. See hlorny Tissue, ii. 214 
Wharton’s gelatin, ii. 73, note, 92 
Winter on the amount of phosphoric acid in 
the urine, ii. 114 

WoiiLER on the oxidation of the neutral vege- 
table salts within the body, ii, 129 
Wool, ii. 221 


Xantiiic oxide, i. 157 
j^antliine, i. 156 
l^mithose, i. 270 

^Vntlio-cystine, i. 158 

Yolk, chemical constituents of the, ii. 76 
microscopic constituents of the, ii. 71 
j Yolk-piates in the ova of amphibians and 
hshes, ii. 75 

ZoociiEMicAL processes, ii. 303 


THE END 







